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|. UIOYU JACTYP
Kupum

Nmum  pmactyp onmit Ba ypTa Maxcyc TabJIMM Myacccacajlapu Megaror
KaJpJapHUHT KacOui Tal€prapiiuru gapaxacuHU PUBOKJIAHTUPUIL, YIAPHUHT UIFOP
NEJaroruKk  TaxpuOajnapHu  ypraHunuiapy  xXamJa  3aMOHaBHM  TabJIUM
TeXHoJOorusiapunad  doigananum  OyiMya  Malaka Ba  KYHHUKMaJIApUHU
TaKOMUJUTAIITUPUIIIHU MaKca KUIIAH.

Nuram nactyp Ma3MyHUa XOPIK TahIUM TaKpUOAcH, pUBOKIIAHTaH JlaBlaTiap/ia
TabJIUM TU3UMHU Ba YHUHT Y3UTa XOC XKuxaTiaapu Eputud Oepuira.

Ymly wmuam gactyp OeroH Ba TeMupOeToHAaH (GomamaHuIl —KypUITHII
TEXHOJIOTHUSAJIAPU COXacua KYNTrHa I0TYKIapra SpUILIUII Ba 11y OusiaH Oupra 4u1aMiy,
MUIIUK-TTYXTa, YJIKaH, HOAUp OMHO Ba MHIIOOTJIAPHU Oaprio ATUII UMKOHUHU O€pMOK/IA.
[Ilynmal sKaH yJapHM acpUMHU3 MaTepUald JE€CaK SHIIMIIManMu3. by Typaaru
TeMUPOETOHJaH KYpWIMINJA KEHT Kyiamjaa QoinanaHul yJapHU WMUUIA0 YUKAPHUII
TexHonmoruscu  OwnaH  Oormmk.  OnguHoaH — 3YPUKTUPWITAH  TEMHUPOETOH
KOHCTPYKIUSUTADHU YJapHU JIOMMXAJaHTaH XOJHaa KynOona ycynaa MeXaHuk ac0o0
yCKyHanap (TOpTULI AOMKpatyiapu, BHOpaTopiap Ba OOWK.) €paamuaa Tai€pnamn -
TEXHOJIOTUK YCKYyHajap JIOMMXACHMHHW TaW€pialiHu KUWWHIAIITHpPaad Ba Oy
MexaHu3Miapaan (oijanaHuin camapacu >kynaa nact Oymaau. LIyHuHTr ydyH 3aBOJ
mapouTuaa Ta€pram  yuyH (akaTruHa KeHr (QoianaHuWiIaurad  OJIAMHAAH
3YPUKTUPWITAH TEMUPOETOH KOHCTPYKUMSUIADHUHT XWUIAPUHU TaHJIA0 OJUII 3apyp
Oynagu. by sca kenrycujga KOHCTPYKUUS TypJiapu Ba YJapHUHI XWJUIAPUHU OLIUO
Oopurura épnam Oepaiu.

Nurym  gacTypHUHT Ma3MyHU THUHTJIOBUWiapHu “beToH Ba TemMup-0eTOH
TEXHOJOTHAJIAPN MOAYJIHAArd Hazapuid METOAOJIOTMK MyaMmoyap, 4YeT O
TaxxpuOacu Ba YHUHT Ma3MyHH, TY3WIHIIH, Y3UTra XOC XyCYCUATIApH, WIFOp Fosiap Ba
Maxcyc (Qanmap aoupacuaard OwauMmiIap XaMmaa aoi3ap0d macajalapHd CUUITHUHT

3aMOHAaBHI ycyIapu OWjaH TAaHUIITUPHUILJIAH HOOpaT.

MoayJJHMHI MaKcaau Ba Basudaiapu

“beToH Ba TeMHP-0€TOH TEXHOJIOTHSJIAPHA” MOAYJMHUHT MAKCAAM: T€/1aror
KaJpJlapHU KalTa Talépiiail Ba Majaka OLIUPHUII KypPCH TUHIIOBUWIAPUHU KYPHJIHILI
MaTepuaiapy, OyroMjapud Ba KOHCTPYKUMSJIADMHU HUIUIA0 YUKApUII COXACHIArd
WHHOBaIMsJapra  JoWp  OWIMMIIADMHUA  TAaKOMWUIAIITUPHUIN,  WHHOBAIMOH
TEXHOJOTUAJIAPHUA Y3JAIUTUPHUIL, >KOPUU DOTHUIL, TAbIUM aMalueéruaa Kysulalml Ba
sapaTuil OViinya KYyHHUKMa Ba MajlaKaJIapUHU TApKUO TONTUPHIIL

“beTOH Ba TeMUP-0€TOH TEXHOJIOTUSAJIApU”’ MOAYJIMHUHT Basudanapu:

- 0eTOH Ba TEeMHUP-O0ETOH TEXHOJOTHSIIAPH COXACHUAArW MEBEPUN XyXxKaTiap,
UIUIa0 YUKAPUII TU3UMHJIATH MaBXKyJ MyaMMOJap Ba SHEPTHsl Ba MaTepuai UKTHCO/]
KWK OunaH OOFNMK caMapajop TEXHOJOrMsUIapJard MHHOBALMSUIAPHU YPTraHMILTa
WYHAJITUPHILL;
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- TUHIJOBYMWJIapAa OETOH Ba TEMHUP-OETOH MaxcyjaoTiapy HIUIa0 YHKapUII
COXACUIAry WIFOpP TEXHOJOTHsUIApUTa JOUP OJITAH SHTU OWIMMIIApWHU V3 (paHIapuHu
VKUTHIIAA YPUHIIM UIIJIaTa OJIUII KYHUKMaJapUHU XOCWI KWIHIIIAaH Hoopart.

MoayJ1 0yiiM4a THHTJIOBYWIAPHUHT OWJIMMH, KYHUKMACH, MAJIAKACH Ba
KOMIIETEHUSJIAPUTa Ky HWJIaJUra TajgadJaap

“beToH Ba TEMHUP-OETOH TEXHOJOTHsUIApW KYPCHUHH V3JIAITHUPUIN >KapaéHUIa
amaJira OlMpUIAIMral Macajaiap Joupacuia:

TunraoBum:

- 0ETOH Ba TeMUP-0ETOH TEXHOJOTUSIApU COXACUIAaru CYHITH IOTYKJIap, MebEpIIap
TU3UMU;

- KypWIMII MEbEP Ba KOUMAAIApUra KUPUTWITaH y3rapTUpHUIILIIAp;

- 0eToH Ba TeMUP-OETOH TEXHOJIOTHSJIApU cOXacuaaru (aHjapHU YKUTHUILIArHd
WIFOP XOpWXKUHN Taxkpubanap;

- MaxcyJoT UIIad YUKapHIgary MHHOBAIMSIIAD;

- 6ETOH Ba TeMHpP-0ETOH TEXHOJIOTUsIapU COXacuaaru 10y13apo macananap;

- MaxcyJoT MILIa0 YMKApHILIa SHEPTHs Ba PeCypc TEKAMKOPIUTHUHU OLIMPHUII
yCyJulapy Xakuja OMJIUIIN Kepak.

Tunraosum:

- V36ekucTon PecnyGIMKAaCHMHHHT apXHTEKTypa Ba KYPWIMII —COXACHIArd
MEBEPUI XyXOKaTIap TU3UMUIATH Y3rapUIIapHU aMalnéTra TaTOUK 3Ta OJIHIIL

- 0eToH Ba TeMHUP-0ETOH MaxXCyJOTJapH HILIA0 YUKAPHIIHUA CaMapaid TallKuI
KHJTHIIL,

- 0eToH Ba TeMUP-0E€TOH MaxXCyJIOTIapu UILIA0 YUKAPHUIIIA 3aMOHABUN SHEPTHUS
Ba pecypc TEKaMKOpP TEXHOJOTUSITAPHU KYJIJIail OJHIIL;

- MaxcyJIoT Typu Ba (olganaHuiagurad coxacura Kapad 3apyp OeToH
TapKUOIapUHU JTOUHUXAJail OJIHIIL,

- OetoH Ba TeMmMup-OE€TOH MaxCyloTjiapu UIUIA0 YHMKapuIlga KAMEBHM
KyIuMJanapaad YHyMIH QoiifaiaHa oJuIl;

- WIMHUN afgabuérnapaa KeNTHpWITaH 3aMOHaBUUA MablyMOTIApHU U37ad Toma
OJIMII Ba yJapHU TAXJIWJI 3Ta OJIMII KYHMKMAJIapura 3ra OYIuIlH JIO3UM.

TuHrI0BYM:

- OeTOH Ba TEMHP-OCTOH TEXHOJOTHSJIAPU COXACHUIArW XaJKapo JPUIIUITaH
IOTYKJIap/AaH (poijanaHuIl Ba WIFOP TEXHOIOTUSIIAPHU JKOPHI 3Ta OJIMILL

- uniad 4YuKapwiaJural MaxcyjaoT cudaTHHM 3aMOHaBHil acb00 Ba ycysiap
éplaMujia aHUKJIai OJIUIII;

- MaxcyJoT cu(aTUHU TAabMHHJIANI yYyH camMapalidi TEXHOJOTHK >Kapa&HIapHH
TaHJIaIl Ba TAIIKWI 5Ta OJUII MAJAKAJAPUra 3ra OYIUIIN 3apyp.
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Tunraopum:

- ¥3 (armapunu YKuTHIIAA OETOH Ba TEMHUP-OETOH TEXHOJOTHSIAPH COXACHIard
MEBEPUIM  XYXOKaTiap TH3UMUAArd, OETOH Ba TeMHUpP-O0E€TOH HILIA0 YHUKApHUII
coXacuIarv MHHOBAIMUTAPIAH XaM/1a WIIFOP XOPIDKHNA TaKpUOaIapAaH SHTHIAKIApIaH
Vpuninu doiganana oNuil KOMIETeHIIUAIAPUTa dra OVIIHUIIN JIO3UM.

Moay/IHH TAIIKWJI 3THII BA YTKA3UII 0YiHN4a TaBCUsIap

“beroH Ba TeMUP-OETOH TEXHOJOTUAJApu MOAYJIMHU VKHUTHII >KapaéHuaa
Kylujaru  MHHOBAlMOH  TabJUM  IHAK/UIapd  Ba  axOOpOT-KOMMYHHKAIMsI
TEXHOJIOTHSJIAPHU KYJUIAHWIUIIY Ha3apAa TyTHITaH:

- 3aMOHaBHMI axOOpOT TeXHOJOorusulapu €EpaamMuaa uHTepdaoa Mabpy3ajapHU
TAIIKHJI TUILL;

-aMaliui  MalFyJIoT/ap 3aMOHAaBUM TabiIUM  yCIyOlapu Ba HWHHOBALMOH
TEXHOJIOTMSJIapra aCOCJIAHIaH X014 YTKA3UIIHU Ha3apaa TYTHIAN.

MoayaHuHT YKYB pe:xagaru 6omka Moy Jiap Oujian 00FJIMKJINIY Ba Y3BUWJINTH

“beToH Ba TeMHUp-OETOH TEXHOJIOTHsIapu~ MOIYJIH Oyiuda MaIlFyioTiap YKyB
pexacunarn  “Kypwinin Marepuaiapy  yMpOoKuiuru”, “3aMOHaBUN KypHIJIHII
MaTeprayiapy Ba TEXHOJIOrUs1apu” Ba Oomika 010K (panmapu OunaH y3BUid OOFIaHTaH.

Moay/JIHHHT 0JIMH TABJIUMAATH YPHH

®daH onui TabIUM Myaccacalapy Meaaror KaJapjIapuHUHT KacOuil Tai€prapiauru
JapakKaCUHU PUBOXKJIAHTUPHUII, YIAPHUHT OCTOH Ba TEMUP-OETOH TEXHOJIOTHsUIapUjia
3aMOHaBUM PHEPrus Ba PECypC TEKAMKOP TEXHOJOTHsUIap Ba COXadard MHHOBALMsIIAP
Oyiinya Majaka Ba KYHUKMaJapUHU TaKOMUIJIAIITHPUINTA KapaTWITaHJIUTH OuJiaH
axaMUATIUAUp. MoOOynHU VY3JaIITUPUII OpPKaldu THUHIJIOBUMIAp Y3 (aHIapuHU
Vkutuiga 6€ToH Ba TEMHUP-OETOH TEXHOJOTHUSIIApPU COXACHUIAr MEhEPUM Xy KKaTiap
TU3UMUJIard, OCTOH Ba TEMUP-0ETOH MILIA0 YMKAPHUII COXACHJard WHHOBAIUsIapAaH
Xamjia WIFOp XOPWKUU TaxpubanapiaH SHTWIMKIApAaH YpuHIA QoiifagaHa OJIUII
KpeaTUB Ba TEXHOJIOTHK KacOWW KOMIIETEHTIUKKA 3ra Oynaaunap.
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HA3APUMN MAIIFYJOTJIAP MABMYHH

1-maB3y: beron Ba TeMup-6eTroH. YmMymuii mabaymotiap. Kupum. beronnap
kinaccudukanuscu. beroH Taii€pnam yuyH warepuauiap.beron Ba TemupOeToH
KOHCTPYKIUSUTAPUHHUHT aCOCHM TypJiapy Ba ylapra Kyiuiaaurad Tanadmnap.

2-maB3y: beron kopummacu. [{lement kotumm xapaéuu. LlemenT ruaparamuscu
Ba IIEMEHT XaMHUPHU XOCCAIAPUHU AHUKJIAII. BEeTOH KOpUIIMAIAPUHUHT XOCCAJIapU Ba
yJIapHU aHMKJAIl yCyJulapu. beToH Xxoccaiapura tabcup 3TyBYM oMuiuiap. Kypuiuin
WHIYCTPUACUIA SHEPTHS TEKAMKOPIIHUK.

3-maB3y: beronjap Ba KopummaJiap ydyyH KHMEBHUII Kymumuanap. beron Ba
TEMUPOETOH KOHCTPYKUMSUIapHM —Tai€pnamga ¢oipanaHuiagural  KylumMyanap
Kjaccupukanuscu. ['paHyIoOMeTpUsIHI ONTUMAJUIAIITUPUIIIA KYKYH TYIIUPTUWIapAaH
¢doitnananun. Maxcyc rokopu mycraxkamiinkka sra 6eron (UHPC-100-150 MITa).

4-maB3y: MoHoauT KypuauMm. Ymymuil Mabiaymoraap. Kylima OeroH.
Xoccanapu. @onanaHul COXAIAPH.

5-maB3y: beroH Ba TeMupOeToH OyIOMJapu Ba KOHCTPYUHSAJIAPUMHH HILIA0
YMKAPUIIAA WHHOBAIMOH TEXHOJOTMSJIAp. Y3yH CTEeHMJIapia TeMUp-OETOH
KOHCTPYKITUSUTApUHHE Y3ITyKenu3 Konurmiad Taiépnam. Komnosut apmarypanap. bazanst
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Ba [OJMIPHOWIEH Todajgapu. beToH XoccajapuHu Oy3macliaH aHMKJIALIHUHT
MHHOBAIMOH YCYJUIAPH.

AMAJIMA MAIIFYJIOTJAP MA3SMYHHU
1-amanmii MamIFyJoT: beToH KopuilMacH.
2-amajuii MamFyJa0T: beronnap Ba Kopuiimanap yayH KUMEBUH KyIIMMUamap.
3-aMaJuii MalFyJa0T: MOHOIUT KypHJIHUIIL.

4-amanuii MamryaoT: beron Ba TeMupOeTOH OyrOMIIapu Ba KOHCTPYLMSUIAPUHU
uIuIad YuKapuilga THHOBALIMOH TEXHOJIOTHsLIIap.

beron Ba Temup-0€TOHIAH TapuXuii Ba 3aMOHABHH KYJUIAHWITAHU TaXJIWIH.
YMyMKYypHIHIIT Ba Maxcyc OETOHJApHMHT TapKHOWHM XHMcOOJaml. 3aBoj IIapOUTHAA
HurMa TeMHup-O€TOH Ba MOHOJUT Kypuiuiiaa (oiganaHnuiagurad O0€TOH Ba TEMHUP-
O0eroH Taxawid. beToH Ba TeMUP-OETOH  TEXHOJOTHSCHUAA PECYPCTEKAMKOPIUK
WYJIJIapu.

VKUTHII IHAKJLUIAPH

Maskyp Moayn Oyinya Kyiuaara YKUTUII akiapuaad GonganaHuiagu:

- Mabpy3aap, aMajaril MaIFyJaI0TIap (MabIyMOTJIap Ba TEXHOJIOTHSJIAPHU aHTIa0
OJIUIII, AKJIMM KU3UKUIITHU PUBOXIIAHTUPUII, Ha3apuil OMIIMMIIapHU MyCTaxKamJial);

- 1aBpa cyxOaTiapu (Kypwia€rraH Joilmxa euumiapu Oyinua Ttaknud Oepuin
KOOWJIMSITUHY OITUPHIIL, SIIUTHII, UAPOK KWJINII Ba MAHTUKUH XyJocajaap YAKapuI);

-0axc Ba MyHoO3apayiap (Joluxanap edyuMu Oyinuya Janmuiap Ba  acoCiH
apryMEHTJIADHU TaKAUM KWIWII, DOIIUTHII Ba MyaMMOJIap CYHMHHH  TOIHII
KOOWJTUSATUHYU PUBOXKIIAHTUPHIII).

BAXOJIAIII ME3OHH
Ne Tonmuupuk Typiaapu Basiap rakcumoru MaxkcumaJ 6au1
1. | Mag3ymnap Gyiinya keiiciaap 1,5 Gamn 95
2. | MycTakwi Uil TONIIHPUKIApU 1,0 6amn '
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1. MOAYJIHU VKUTULLIJIA ®OMJATAHWIAJIUTAH UHTEP®AOI
TABJIUM METO/JIAPH.

AManuii MamFyja0T JapClapWHHA YTKA3WIl JaBpUaa MabIyMOTJIAPHU TaXJIHII
KWINII, COJUINTHPHUIN Ba TaKKOCIAITHUHT BeHH auarpamvacu Ba T »KaJaBaymgaH
dbolnananuIagy.

Benn qruarpammacu.

MeToaHMHI MaKcaau: 2 Ba 3 KUXATJApHU XaMJa YMyMHUU TOMOHJIAPUHU
COJIMIITUPHII €KU TAKKOCHAII €KW KapaMa-KapIld KyWHI YUYyH KyJUlaHWIaad. Tusnmin
buKkpnam,  CONMINTUPHUIN,  TaKKOCHIAI,  TaXJWil  KWINII  KYHUKMaJapWHH
PUBOXKIIAHTUPAIH.

TunrnoBumiapan BeHH amarpaMMacWHH TY3WI KOWJACH OWIaH TaHUIIAIMIIAP.
Anoxuna KWYMK TypyxJapia auarpaMMma BeHHu Ty3aguiap Ba KeCUIIMaWIWraH
XKOMIapHHU (X) TYJIaupaauiap

JloupanapHu KECHIIIYBUM KOWHJA, WKKU-y4 JOHWpaiap Y4yH yMyMHH Oyiras,
MabJIyMOTJIAp PYWXATUHU TY3a/H.

Benn quarpammacu

Temup-6eTon

Beton 1. Munepan
1. Munepan OOFJI0BUMIIApIAH
OOFIOBYMIIAP]L . (b(:l%ﬂanaHH6
aH OFJI0B{MAaH TalépraHaiy.
i (oitnananno 2. CyHbuil TOII
(b?,IfIIaHaHH6 OJIMHaUIraH
TAHEPIAHAM. | cypmuii Tom, 3 5 Marepuajin.
2. Cymsuii Tomn | {0 wyrapum THUTHIITA MILTANTHEH
MaTepHaIH. KOGHHATH SIXTITAJTAII yq%/H myar
3. Koucrpykiuon apmarypa OunaH
Ba lea};Kcyc KyWIaHTUPUIIA]IH.
4. KoHCTpyKIMOH

Typaapu

MarepHal.

T — sxkanBana

bura xoHuenuus (MabIyMOT)HHUHI XUXATH Y3ap0O COJIUIITHPUII EKU yJIapHU
(xa/HUyK, Xa/KapIm) yayH.

MeTtoguuHr Makcaau: TaHKUAMN MYIIOXa/1a PUBOKIIAHTUPAIN

T — >xanBan Kouaalapy TaHUIIWIAIU. SIkKa TapTHOaa pacMUNHIAIITUPUITIAIN.

AKpaTwiiran BakT opaiuruja Taptubaa (Ky(priaukna) TYaaupaau, YHUHT 4Yarn
TOMOHUTA cababiapu €3usaau, YHT TOMOHMIa d¢a Yar TOMOH/Ia udoia KapaMma — KapIiu
FosiJIap, OMUJUIAP Ba 11y Kabuiap.
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Kanpamnap xypriaukaa (rypyx/ja) TaKKOCTAHUIIN TYIAUPUINALIN
bapua yKyB rypyxu srona T — Ty3aqu.

MoHonut KYPUWJIHMIIHUHI aB3aJIJIMKJIAPHU Ba KaAMYWJIUKIIApU

AB3aJUTHKJIAPH
*  VuuapHuHT Te3 OaxapuiIHIlu;

* HamynaBuil Kypwiuil 5>J€MEHTIIapUra
OOFJIMK OyIMaraH xoJijja OMHOHUHT XOXJIaraH
[IAKJIUHH TaHJIAI UMKOHHUSTUHHHT
MaBXKY/JTUTH;

*  YoxyiapHUHT UYKJIUTHM OMHOHUHI TOBYIL
Ba HCCUKJIUK MW30JALUACUHMU SXIIWIANIY,
Jap3nap  KETUIIMHUHT  OJIIM  OJIMHAIH,
OMHOHMHI Ba3HU TAacasgu, KOHCTPYKIHS
MYCTaXKaMJIUTUHUHT OpTHILHN YHHUHT
YMpPOOKUIIUTUHU OPTUPAJIH;

*  HOxopu COBYK TabCUPHUTa YUAAMIHIINK.

Kamuniukinapu

KapKac-naHeJmH KypuJjuaira HHUCOaTaH

MCXHAT Ba XapakaT KUuxaTuaaH IOKOPHU,

- MH)XXEHEPJIMK TU3UMJIApU Ba  MYypuiap
aBBaJJaH Ky31a TYTWIraH Xxonjga Oapro
STWINLIN KEepaK, YyHKH KEHMHYAIMK MabIyM
Yy3rapTUpUIUIAPHU KUPTU3UII KUHUHYNIUKIIAP

TYFIUPAIN;

- Berownam wmmapun +5°CmaH  roxopm
Xapopat/a 0a)XapuInIIN JI03UM, IIYHUHT YIYH
KUII KyHJapu OeToHyam Muulapy OeToH
KOpPHUILIMAaCMHU  UCUTHII  (Oakapuiiaurax
WIUIApHUHT  cU(paTHHUA  MacaTupuim  Ba
SHEpPrus XapakaTJapUHU OpTUINMTAa OJHO
Kenanu), €KW KWl BakmIapuaa OeToHJaml
UIITApUHU  Oakapulll HMKOHMHU OepyBud
Maxcyc Kymumyaiapaas (GoianaHuil 3apyp.

“Keiic-cTaan” MeTOaH

«Keiic-ctaam» - uHrIM34a cy3 0ynuo, («case» — aHHUK Ba3uAaT, Xoauca, «stadi» —
Vpraumok, TaxJIMJl KWIMOK) aHUK Ba3USITIIAPHU YpPraHMIIL,
VKUTHIITHA aMajira OIIMPHINTa KapaTWIraH MeToa XucoOjaHaau. Maskyp MeTon
nactinabd 1921 vun TapBapn yHHMBEpPCUTETHIA aMaliMii Ba3uATIApJaH HMKTUCOIUN
OomkapyB QannapuHu ypranuumga (oiinanaHum TapTuOuna Kymianunarad. Keiicaa
OuMK axOopoTiapjiaH €Ku aHUK BOKea-XOJMCaJlaH Bas3uAT cudarthga TaxJuil yIyH
¢doitnanannm MymkuH. Keiic xapakatiapu ¥3 wuura KyluaaruiaapHu Kampad oJaau:
Kum (Who), Kauon (When), Kaepna (Where), Huma yuyn (Why), Kannait/ Kanaka

(How), Huma-natmxa (What).

TaxJIMJI KWIHWII acoCHuaa



beton Ba TeMI/Ip-6eTOH TCXHOJIOTUAIapH

“Keiic MeTON” HM aMaJITa OIIUPHUII OOCKHUWIAPH

N
0ocKMYJIapu

daoauaT maKIn
Ba Ma3MYHH

1-6ockuu: Keiic Ba yHuHT ax00poT
TABMHUHOTH OWIIaH TaHUIOTUPHULI

v’ sSKKa TapTHOIAry ayIro-BU3yall HIIL;
v’ Kelic OmilaH TaHUIIUII(MATHIIA, Ay 10 EKH Meua
IaKJIa);
v ax0OpOTHH YMYyMJIAIITHPHIIL;
v ax00poT TaxJIMIIH;
v MyaMMOJIApHH aHUK/IAIII

2-6ocku4: KelicHM aHUKTaIITHPHIIT
Ba YKyB TOMNIIUPUFHU OeJTrHiall

v/ MHIMBHIyal Ba IypyXJia UIILIALL;
v MyaMMOJIapHH J013apOIINK HepapXUsCUHU
aHMKJIaII;
v/ acoCHii MyaMMOJIM Ba3USITHU OEIITHIaI

3-0ockmnu: Keticnaru acocuii
MYaMMOHH TaXJIHJI 3THUII OPKaJIA
VKYB TONMIIHUPUFUHUHT CUUMHHU
W3JIall, XaJl ATUI WYIUTApUHH UILIa0
YUKHIII

v MHAMBHIyaJ Ba TYPyXJa HIILIALI,
v\ MyKOOWJI €4nM HYITapHHY UIUIA0 YUKHIIL,
v’ xap OMp CYMMHHUHT HMKOHUSTIAPH Ba TYCUKJIAPHU
TaXJINI KUJIUII;
v MyKOOWJI €YMMIIAPHH TAHJIAII

4-gocknu: Keiic eunmuun
€UMMMHU HIAKJUTAHTUPUII Ba
acocjall, TaKJIuMOT.

v dKKa Ba TypyXJa MILIALI,
V' MyKOOWJI BapyMaHTIApHH aMaJiia KyJulanl
MMKOHHUSTIIADUHU aCOCJIALLL;
V' WKOAMI-T0NNXa TAKIUMOTUHA Tai€pJiar;
v SKyHUI XyJI0ca Ba Ba3sUAT CUMMUHUHT aMaJIii
ACIIEKTJIAPUHU EPUTUIL

Keiicau 0a:kapum 00CKYMJIAPH Ba TONMIMPUKJIAP:

* Kelicnaru MyaMMOHHU KeITUPUO YMKApTraH acocuil cababiapHu
OenruIaHT(MHAUBUYa)l Ba KHYUK TYpyXJia).

* MoOun wioBaHM MILTa TYIIUPULI YUyH OaXkapuiaJariHa uiuiap
KETMa-KeTJIMTUHU OeNrmianr (KyQTIMKIIapAard Wiil).
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betoH Ba TGMH}’)-6€TOH TCXHOJIOTUAIapH

11l. HABAPU MATEPUAJLIIAP

1-maB3y: beTon Ba TeMuUpOeTOH. YMyMHii MabJIyMoOT.JIap.
Pexa:

1.1.Kupumr.

1.2.beronnap kinaccupuKaIUsICH.

1.3.beToH Taniépnam yayH MaTepuaiiap.

1.4.beroH Ba TeMUpOETOH KOHCTPYKIUSJIAPUHUHT aCOCUM TypJlapy Ba yJjiapra
KyWuiaaurad tanadmnap.

Taanu ubopanap: 6emon, memupbemo, mMuHepal O0N084U, MAXCYC Oemouiap,
KOHCMPYKYUS, UUPUK MYIOUPYSUU, MALlod MYLOUpysul, KYyKYHIU myaoupysqu, OemoH
Kaaccu, bemon MapKacu, CO8yK mavcupuea YuOaMauIuK.

1.1. Kupuu.

TexHuk Ba MKTHCOAMM KYypcaTKuuwiapu napaxacu Oyitmua OeTOH Ba TeMHPOETOH
ayHéna Kypwium Oyromiapu wWnuiad dYMKapuil THU3MMHJA XaHy3rada acocCHi
KOHCTPYKIIMOH MaTepuasn Oynaud konmoxkaa. Hoé€d xoccamapra sramuru cababiu
yiapiapjaH ¢oiaJaHuIl coxaaapu KeHraiind 00opMokia Ba 1y Owian Oupra KynruHa
XoJlap/ia KOHCTPYKIMsUIAp Tai€pnamga KAMMaT OYIraH METaUTHUHT XaM YPHHUHU
ATaJuIaMOKJa.

beron Ba TemupOeToHIaH (oWIaTaHWUII KYPUJIUII TEXHOJIOTHSUIAPU COXacHIa
KYNTHHA IOTYKJapra SpUIIMII Ba Iy OwiaH Oupra dmgamiid, MUINUK-TIYXTa, YJKaH,
HOIMp OWHO Ba HHIIOOTIApHH Oapmo STUIl HUMKOHUHU Oepmokna. Illynmait skan
yIapHHU aCPUMH3 MaTepUAH JECAK SHTIUIIMANMU3.

bemon 0e6 6Ooenosuu moooanap, cye, manoa 6a UUPUK MYIOUPYSUULAPHUHS
MABIAYM NPONOPYUOHAT MUKOOPAAPOA ONUHSAH KOPUWUMAHU AXWUIA0 apanaumupuud,
3UYIAUIMUPULL 84  KOMUWU HAMUNCACUOA ONUHEAH CYHBULL mMoul Mamepuanued
atimunaou.

by umnepaduenmnap apanawmupuneanuoa ynap niacmuk Macca Xocun Kuauo,

3apyp KOIUNIapea Hcounanaou 6a Komub xkammuk xoramea ymaou. Kopuwmaoazu cys
8a yeMeHm opacuoazu KUMEBUL peakyus 6a Kyiail Xapopam mavCupuoa Hamuicacuod
Hucoamawn cekun xomaou. Komuw oaspunu yuma anoxuoa ¢hazanapea asxcpamuu
MYMKUH.

Jlacmnabku 0eb benecunanean bupunuu d6ockuy myeawu yuyw 30 munymoan 60
MUHymaaua 6akm manad 3maou.

! Neville. Adam M. Concrete technology / A.M. Neville. J.J. Brook*. 2nd ed. p. cm. Second edition 2010.
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by @aza eakmuoa, b6emon xopuwmacunume niacmukiueu xamauaou. Cyneu
myaaui 0eb6 amanysyu UKKUHYU OOCKUY apaiauimupuul onepayusacudan Keuurn 5 oam 6
coameaya 0agoM dSMUWU MYMKUH.

by 0asp oasomuoa bemomn w03acunune Kammukaueu HUCOamarn MuLOK 0y1aou.

Yuunuu 6ockuu mycmaxkanuknune opmuwudan mawkun monaou. by owcapaén
oacmaabku 6ockuuoa mes pyu depaou. bBemon xopuneanuoan keuiun maxmuHau oOup
oticaya 0asp MoOAUHUOA VUHUHS NOMEHYUAN MYCMAXKAMAUSU 84 KAMMUKIUSUHUHS
acocutl Kucmuea sputiaoul.

bemon xopuwmacuoa ¢hotioananunaduean KomnoHewmiapHuue cugamu 6a
MuKoopuea Kypa OemoH XO0Ccanapu KeHe Kyiamoda y32apmupuiuiiu MymkuH. bBemow
CUKUIUW2A emapau 0apaxcada MyCcmaxKamiukka 32a Oynuwuea Kapamau yy3uiuued,
seunuwiea, Oypanuwea 0ynean Mycmaxkamiueu nacm.

Ilynoaii  xunub, wkKopuoa Keimupuiean Xonamiapoa o000uti OemoHOaH
Qoudaranuw  weecapananaou. Illlynea xapamau  ymumau — 6emoHOaH  000ull
KOHCMPYKYUANApHU — OanKkanap, naumanap, masand 080opaapu 6a OOWK. mauépiauioa
Qoiidananuneanuoa  yrapHuHe — YY3UIUWL  30HANApuea  NYIam - apmamypanap
AcOUnAUMUPUIUO KeliuH OemoHiaHuwu mymkutn. Ilynam apmamypa 0eb amanyeuu
nYNam CmepHCeHaap 4y3yeuu 3yPUKUUIAPHU KAOYl KUTUW YYYH QOtoanlaHUulaou.

by yuynoa maiiépnanean 6emon — memupbemon 0eb amanaou.

beron Ba TeMup-0eTOH TapUXH

7Kozed Moune

Y 1867 iina 16 uroana y3HHUHT
KyYaTHPHJTAH TYBaKJIap Y9YH NAaTeHTHHH
ouran. V3 Ta;kpu6a CHHOBIADHHH JaBOM
STAHPHO TeMHp OHIAH KyIaHTHPHITraH
IeMeHTJIH KyBRYp.Jaap Ba Gacceiinmaap (1868
il.), yilaapHHEHT ¢dacaaiapH YIYH TEMHP-
neMeHT.IH naHeaap (1869 ii.), remup-
neMeHTAaH Kynpukaap (1873 ii.) Ba
TeMHp-0eToH dankaap (1878 ii.)
HXTHPOJIADH YYYH NATEHTJap 0JIraH.

http://1000projects.ru/page.php?see=kogda-poyavilsa-beton
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3000 B.C

Egyptians used mud mixel Applian Way, Romsn
with straw w0 bind bricks. Thes' bahs, the Colossewn and
used gypsum and lime morters in the Pantheon used Pozzslans cement

CONCRETE

HISTORICAL o Smeaton vsed hydrandic

lime to rebuild Eddystone

TIMELINE Lighthouse in Comwall, England

‘Joseph Asplin of England
invented poriand cement by burmingy f
gmund chalk with finely divided clay Y
in'a lime kiln until carbon diozide is
= ddven off. The product o3 en round

3000 B.C.-
PRESENT

The first S¥sRmatc B
of tensile and compressive
N ok place in Germany

Joseph Monier of France
einforced flower pots with wire
ushering in theidea of ion

e inforring bars

betoH Ba TGMH}’)-6€TOH TCXHOJIOTUAIapH

1686 1889
Fisst rotary kiln wes intoduced Fiist concrete reinforced
in England, which sllowed for bridge was built

continuous production of cement

FiEtconcrete steet in the
US4 was placed in Bellefontaine,
Ohin ¥ George Barholomew

Firstmejor concrete dams,
the Hoover Dam and Grand
Cooley Darn, were built

L)

=

1992
Tellest reinforced bulding
(946 ft) constructed in

Chicago, IL

Fimst concrete dome sport
stuctuze construsted et the
Unive ity of Iinois, &ssembly Hall

http://matsel.matse.illinois.edu/concrete/time.html

1.2. beronaap kjaaccupukanusicu

I'OCT 25192 6yitmya xypwiuiiga doianaHwiaauran O€ToHJap KyWujaru
acocwii KypcaTkudaiapu OVitnda cua(iapra axxpaTuiain:

acocuil (horanaHuI coXxacura Kypa;
KOpPO3usl TypJlapura 4YujaaMIurura Kypa;

TYJIUPYBUYMIIADUHUHT TypuUra Kypa;

CTPYKTypacura Kypa;
KOTHIII IIIaPOUTHUTa KYpa;
MYCTaxKaMJINTUra Kypa;

MYCTaxXKaMJIMTTMHW OPTHUIIN TC3JINI'MTI'a K}”/pa,

ypTaua 3u4iaurura Kypa;

COBYK TabCHUpPUPHUTa YMJAAMIIWIINIA KYPa;

CyB YTKa3MacIlIurura Kypa;
EAUPUIMLLINATA KYpa.

bemonnap knaccugpuxayusacu

Knaccudukamnms
beron Typu Tabvpudu
oenrucu M prd
Acocuii buHO Ba MHIIOATIIADHUHT MEXaHUK XOCCallapu
. Koncrpykimon e oy
doitananun Oyiinua Tanabnap Kyiwiaauran OeToHap.
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coxacura Kypa

Maxcyc

brHO Ba MHIIOATIAPHUHT MEXaHUK XOccanapu
Oyiinya Kylinnaaurad TanadjaapiaH TalKapu

(dhyHKIMOHAN Taabaap (MCCUKITMK U30JISAIUSACH,
MCCHUKJIMK TabCUPUTa YUAAMIIUIINK, KUMEBUI

YU IaMJIMIIMK, KOPPO3Usl TAbCUPUTA
YUTAMITHIIHK, IEKOPATUBITUK, PaTHAIUSIaH
XUMOSJIOBUH, 3YPUKYBYaH, THAPOTEXHUK Ba
OoIIK.) KyHnIaaurad 0eToHap.

Koppo3zus
mypnapuaa
yuoamaueuea Kypa

Koppo3us xaBdpu 6ynmaran >xoinapia
doitnananmnaguran 6eronnap (XO);

KapbOonaruzamus Tabcupuia KOppo3us r3ara
KeJTUIIIA MyMKHH OYJITaH MapouTiapaa
doiinanannnaguran 6eronnap (XC);

Xnopuiap TabCUpUIa KOPPO3HsI k03ara KeITUIIn
MYMKUH OYIITaH mapouTiapaa
doitnanannnaauran 6eronnap (XD Ba XS);

Kerma-keT My3nam Ba 3puIll TabCcupuia
KOpPO3Hsl F03ara KeJIUII MyMKHH OYJiran

mapouTinapaa (oinananuinaguran OeToHIap
(XF);

A

Kumépuii Koppo3usi 103ara KeJITHpaural
mapoutaa oinananuiaaurad oetornap (XA).

3u4 TyaAupruyiap
acocuza

3Ud TOF JKUHCIApU KU 3UY IITAKIap aCOCHIAru
OeToHIap

VYTa 3u4 Tynauprudiap

Pyna tapkubnu TOF JKUHCIApH, Uy STH

Tyn,[[le“fI‘I Typura acocia KUPUHIMCH, METAJIJT KATIUFU Ba OOIIIK,.
Kypa acocuaaru OeToHmap.
Fosak Tynaupruunap TaOuuit Ba cyHbU CEPFOBAK TULAUPrHYIap
acocuaa acocujaru OeToHap
TynaupruaHuHr HNupuk nonanu Wupuk Tyaaupruday OeToHIap
WHUPUKIUTH . . .
6¥iinua Maiina 3appanu Maiina Tynauprud acocuaaru OeToHIap
LlemenTnap, mry >kxymiiaiad HOPTIAHIIEMEHT
KJIMHKEPHU Ba TypJIU MUHEpPAJ KylIuMUajap
acocuja (MOPTIaHIIEMEHT, IUIAKIHA
€MCHTIIH, III NOPTJIAHALIEMEHT, CYIb(haT TabCUPHUTa YHIAMIN
bornoBuncuamHT H Y p A > CyIb( P A ’

Typura kypa

KyMJTaJIaH KOMITO3UITUOH
OOFJIOBUMIIAP ACOCH]IA

OK Ba panm nementiap, BHB, Ba 6omik.),
TUITYIPOKIIA €KU THITYIPOKJIN KIIMHKEP
TapKUOIU (THUITYIIPOKIIH, 3YpUKYBYaH,
KApHIIMaiUran Ba OOIIK.) acoCHuaru
OeToHIap.
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ABTOKIIaB/1a KOTaIUTaH OXAKJIA OOFIIOBYM Ba
KpPEeMHE3EMTapKHOIH KyIInMUaliap acoCuIaru
OeToHmap.

Oxaxyu OOFIoBYHIIAD
acocua

[Inak-umKkopanu OOFIOBUMIAD, OXAK EKH IIEMCHT,

HInaxnu 6oFaoBUMAAp | .
€k rurc OmnaH (HaoyTalTHPHUITAH UTAKIIAP

acocuza N
€Ku Kylutap acocuzaru 6eToHmap.
['unicinu GornoBumIap Kypunui runcu, aHruiput, THIIC-LHEMEHT-
acocuza IyLI0JaH OOFJIOBYM acOCHIaru OETOHIIAp.

AHOpraHuK Ba OpraHUK OOFJIOBUMIIAD
Maxcyc 6ofnoBumnap | (ONTHHTYTYPTIH, IOTUMEp, Gpocdar, MarHe3ua,

acocuza CYIOK IIHMIIAJIA OOFJIOBYMIIAP) ACOCUIATH
oeToHap.

CUKWwIMmaarn Mycraxkamumru Oyiinya LeMeHTIap KyWuaarud Kiacciapra
oymunanm: 22,5; 32,5; 42,5; 52,5. 2

Korum BakTu 0yiinua neMeHT/1ap KyHugarujapra 0yJaMHaam:

* CeKMH KOTYBYHM — KOTHIIl BAKTUHUHT OOILIAHUIIHN 2 COATAaH OPTHUK;

* Hopmain KoTyBYM - KOTHIII BAKTUHUHT OONUIaHUINN 45 MUHYTAAaH TO 2 coaTraya;

* Te3 KOTYBYM - KOTHIII BAKTUHUHT OONUIaHUIIN 45 MUHYT/AAaH KUCKA.

beron kopuwmMacwHM ~ KoOWyam  Ba  3Wwiam  Oyhnya:_ mmbOanaHTaH,
BUOpAIMsIIaHTaH, IPECCIIaHraH, BHOpOIITAMILUIAHTaH, BUOPOIMpPOKATIAHTaH, OOCHM
Owiax BUOPOINpPOKATIaHTaH (Kyunm BHOpONpPOKAT), LHEHTpU(yTraiaHTaH,
TOPKpETIIaHTaH, BaKyyMJIaHTaH, BUOpo(daoiamTupuiirad Ba oomkanap.

BeTOHHMHI KOTMII BaKTHAA HMCCHK-HAM HILIOBH OepWidHIIM Ba TYTHO
TypWIMIIMIra Kypa. HopMman, Oyrmanrad, 100°C xapoparma CyBia HCUTHUITaH,
ANEKTpOdHEprus €EpaamMuaa, Mol OujaH HMCUTUITAH, aBTOKJIaB €KU OyFJlaHTaH,
KOMOUHAIUSIJIAHTaH, MaxCyC UIIOB OepuiiraH Ba OoImIKanap.

Tamkyn MYXUTHMHI arpeccMuB KHMEBHMH TabCHpUIa Maxcyc yciay0d Omiian
AHUKJIAHAIMIAaH KAPIIWIMK KypcaTHII Aapakacu Oyim4a: cyibdaT Tabcupura
YUIaMJId, JCHTU3 CYBHUTa YMIaMIIM, KHUCIIOTa TAbCUPUTA YHUIaMITH Ba OOmITKamap.

Oxkopu xapopar Ba 0JI0B TAbCHPHUIa YHAAMJIMJINIU OYHH4YA (MCCHUKJIMKKA
yngamMJIn 0eToHJIap):

a) 1770°C naH 10KOpH YnaMJId 0JIOBOAP IO,
0) 1580° nan 1770°C raya onoBOapaoOIIL;
B) 1580°C raua onoBbOapaomuI.

1.3.beToH Taiiépiaai y4yH MaTepuasiiap.

LlemenTt

2 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005-page
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VYMyMKYpWIMII Ba Maxcyc Makcamiapaa (olijanaHuiagurad OETOHIAp ydyH
LIEMEHT TaHJIAIIHYU KaJBaIapaa KeITUPWITaH MabIyMOTIApra TasHraH XOJa aMajra
OIIMPHII 3apyp>

Koncrpyknusinan ¢doiinananuin mapouTura Kypa HeMeHT TaHJIalll

Mo |JLlesmienT Fovcrpykiunanas ol ianad B mapoiTi
B E ORI F":“:;:Ju:-qmlua'l.rr M B0 =
HYEH KHCMH LA E n}mlm.':;Lﬁ:;:j:uyxn] g E— = E §
= — Zg EZE a3
s = =| 2z g|FE|E==sz
s| g | £|2Es8lc2i-82:|252¢
2| ¥ | z|2E5E|222:2¢E[=:|F835¢3
= | = | & |F2EE|EiEcEHEF |25
- = =3 | &
1 [0 e P P P H H I A
2 [ as, 20" P P P H H H i |
3 Juorong’ P P i i i H il
4 ETLI,I P P P H H H i
5 BLIITTLL P P I i | J H i
6 |cor” il il il P P P H
7 |cowmnn” i} i} i} P I H H
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o L | P P P | P i

Haoe: 1-FOWCT I0IFE; 2 - FNENCT 22226 -3 - TY 20-20-13-90 &,
P - mrecws seerade; - mexwc-uimmuoodin goocaansanda pooceam aancache -
LINLe w TRttt e,

% Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005
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beToHHUHT KJIaccH OYiiMYA IEMEHT MAPKACHHU TAHJIALI

Hewe N CHERNHILIATH MYyCTaXKasMIHK O¥inva GeTOHHHHT KTaccH

CMENT haplach BI1D B2 B30 B35 B40 B0

TapcHA THIAIHTAH M300 BAZOO0 M40 M 00 MG hAGO0
155 5

Pyxcar GepHioaguran MO0 BA4O0 MO0 tg-ﬁ-[;[]:l m::;{:a BSS0

BeTOHHMHI KOTHII IIAPOUTH OYiiM4Ya HeMEeHT MAPKACHHM TAHJIALI

| - saasan OVHHYA LEMEHT TYPH
FOTHIL apouTH (rapTi® pakamu)

11213456789
My taann sa MYTAIHIATA HKHH P AIPIAIPELALP P
10°C xapoparjas nacy HJIAIH|IP|{H]JA[H|H]|P
Hecouk-Ham Hinnos Depuiarasia:; Hl1AIHIPIPIHIH|H]|P
—13 coarraua OVaran ].:-IL‘}E{HM,J_H plelelalaleleluln
— 13 coataan opTHE OVIATaH pesumia

Hzox: M P, H— 1 - seadsan uzoxuza xapane

TY/ITHPYBYHIIAP

Tynoupysuunap amamacu unepm 6a Kumésuul paon 6yaimazan 6a yemeHm OuniaH
enumumu  Hamacacuoa 6emou oauul YuyH QotudaraHUIA0Uean MaAmepuaiiapHute
ymymuil  Homuoup. Doudananunraduean Kynyuiux — mynoupysuuiap  uwa2aimoud,
yakukmow, Kym oOyrap madbuui mamepuanirapoup. CyHwvuil 6a uuLios Oepuneaw
MYAOUPYGUULAPea UM NAPYACU 84 OOMHA wiiakiapu oynuwu mymkur. Ilemsa, Kok,
€20y KUnueu, Kynuumuiean wiak, Kynuumuiean claney, Kynuumuiean 6epmMuKyium 6a
oowx. Ilacm 3uunukka s2a 6bemoniapru mauépiauioa GouoaraHuiaou.

Knaccugpukayusacu

Tynoupeuunap ukku 2eypyxea OVIUHUWU —MYMKUH: (a) tiupuxk Oouanu
mynoupaudaap ea (6) maiioa mynoupauinap.

Tynoupeuunapnune cughamu

bemon sa memupbemon xoncmpykyusiapunu mauépaauioa Goudaianuiaouean
maobuull. mynoupeudiap HOPMAmue XydcorcamiapHuHe manabaapuea x#aeob Oepuuiu
Kepax.

Tynoupeuunaprune 6avsu 3apyp xoccanapu Kyuuoazunap: (1) mycmaxkamnux (2)

ynuamu (3) oonacunune waxau (4) wo3acununew mexcmypacu (5) epadyuposkacu (6)
ymrasmacaueu (1) mozanueu (8) xumésuit unepmaueu (8) roxopu xapopamoacu guzux
sa kumésuti cmabuniueu (10) uccuxnuxoan keneatiuw xodgpuyuenmu, éa (11) napxu.
Tynoupeuunap Kumésuil uHepm, MyCMaxKam, KAMmuk, YeKIaH2aH 208aKIUKKA 924,
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ENUUUO KON2aH 2UN-MYNPOK, KyMum, Kymup Koaoukiapucu3 oyiuwu xepax. Bemon
Mycmaxkamaueu, 6apKxapopiucu nacaumupyeiu 6a apmamypaHure Kopposusacuea cabad
OYy1y8uU opeaHuk €éxu OowKa Kywumdaiapcus oyaumu Kepax. 3apapiu moooanap
MUKOOPUHUHE Ye2apanapu Kyuuoazu Hcaosanoa KermupuieaH.

3apapnu moooanap MuKOOpUHUH2 yecapaiapu

3apapau moooanap Mauioa Hupux
mynoupauy mynoupauy
Oymym mavoa OymyH mauoan

JIaH2aH aHeaH
Kymup 6a auenum 1.00 2.90 1.00 1.00
Jlou 6ynaxnap 1.00 1.00 1.00 1.00
Mauioa 6ynaxuanap - - 3.00 -
Craney 1.50 - - -
Xamma 3apapau Moooanap Mukoopu, 1.00 2,00 5,00 5.00
% *%*

Tynoupeuy maccacuea Hucoamaun %*.
Crtooaoan mawxapu™*

bemonnune mycmaxkamaueu mynoupeuy mycmaxxkamaueuea 6ozmuk. I panumiu
mynoupeuy nems3a éku Kyuoupuiean SUImynpokiyu mynoupeudiapea Hucoamar oKopu
MYCMAXKAMAUK OIUW UMKOHUHU Oepaou.

Tynoupysuunap cugpamu ooamoa (1) maudarawoacu mycmaxkamaux (ii)
manoananuw éxu (i) mavcup kammanuxknapu xabu ubopanap ounan 6encuIanaou.

Hupux  mynoupauunune yriuamuoan yHuHe uwiiaui Xapakmepuaza Kapab
¢onidananunaou. Hupux mynoupeuy emapau dapasicada maiioa 6yaub 6Ymyn Xancmuu
mynoupa onuwu kepax. HMupux mynoupeuy yu xun waxioa, SvHu OYMAnoK, HOAHUK
waxnoa ea Kuppaiu oyauwu mymxun. LLlynune yuyn 2aoup-oyoup ro3aiu mynoupeuioan
Qovioananub matiépranean OemoH CUIIUK H03a1U  MYAoupeudoan  Goudaranud
matiépranean bemonea Hucoaman mycmaxkam 0yaaou.

Tynoupeuunap mosa 6a SUNMynpox, Yaume 6a OOWKANApOan Xonu OVIuLY Kepax.
T'unmynpox 6a Oowika énuwiysyan KONIAMANAp al0Xuoda 3appaniap 6a yemeHm
opacuoazu adze3usnea EMOH MavCup SMaou.

Onmuneyeypm 6a éHmail Kolean KyMUup 6a OOWKALAp KUMEBUU MAbCUp HAMUICACUOA
WUy - MyMKUH — 6a  apmamypaza mavcup omaou. Tynoupeuunap yemenm
MaAmMpuyacuHuHe UCCUKIUKOAH KeHeauuw Kodpouyuenmuea aKux kosgguyuenmea sea
OyuwmnIapu Kepax.

Xynoca xunub aimeanoa myaoupeudap uHepm MuHepal Mo00a0aH MAawKuil moneam
Oyaub, yrap mosa, WWKALAHUWEAd KAPUWUIueu 0Kopu, enuwubd Koleaw Xap Xui
KVWUMYANAPOaH XOau, 3u4, emapau o0apaxcaoa mycmaxkam O0yaubd, yemeHm
MYCMaxKamiueuoan myna ¢otoanrana oauul UMKOHUHU bepuliu Kepax.
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betoH Ba TeMI/Ip-6€TOH TCXHOJIOTUAIapH

TYnaMpyBUYMHUHT 3HT UMPUK YIIYaMHU

Koncrpykuusuap THaauprauHHHr Maiiaa —MHPHEIHTHEH

OeNruIoBIH LHaprirap

Beprukan - APMATYPA CTEPHCHIIEAPH OPACcHIAIH 3HI KHUHEK
opanHEHiAr U753 naamm;
- KOHCTPYELHA 3HDI KHUHE ¥auamuaaadr 0,33
KHCMHra redr, nexkud 150 maaas g0 amac.
opusonTan - KOHCTPYRELHA KAIHHAHrHHHHD (0,5 KHoMHra

TeHr, neknH 150 mymaan kin asac
40 nam

]:ij-,".u Ba A3P0IPONM -

EOTLTaMATAPH

Nupuk TYyn1upyBUMHUHT MyCTaXKaMJIMK OYirya HT MacT MapKacu

Tor wuHchapu DeTOH Kaccn
BI2,5| B15 | B20 | B25 | B30 | B35 | B40 | B45
Orwand uuxean | 200 | 8OO [ 800 | 200 | 500 | 1000 | 1000 | 1200
MeTramopid 600 600 600 &0 00 | 1000 | 1000 [ 1200
HYyrkunan 300 300 400 &0 00 | 1000 | 1000 | 1200
::::f;:“l:m npl6 | Apte | apie | Jip12 | Jap12 | jips | Jps | Jps

WNupuk TYN1UpyBUMHUHT TaBCHSI STUJIAJAUIaH JOHAIOPIIUK TapKUOH

-]?Inpm-: TV MDY BUHHHHT Fiupm-: THIAMPYBEUHIArH (pakuusiap MUEL0pH, %o
IHT AHPHE ViIuaMu, MM 5-10 [ 10-20 | 20-40 | 40-70 | 70-120
20 25-40 | 60-75 - - -
40 15-25 | 20-35 | 40-65 - -
70 10-20 | 15-25 | 20-35 | 35-55 -

Maiiaa Tyaaupruay

Kypunum unutapu yuyH doigananuwiaaurad maiga tymaauprud — kym, ['OCT
10268, 8736 Tanabiapura xaBo0 OEpUIIN KEPAK.

beTroH KOpUIIMAaCHHUHT TEXHOJIOTHUK Ba OETOHHUHT KYPHJIHII-TEXHUK XOCcajJapura
KYMHUHI TPAaHYJIOMETPUK TapKuOW (MUPHUKIMK MOJIYJIM), YAHTCUMOH Ba THJITYNPOK
3appaJlapMHUHT MHUKIOPH Ba CYB Tana0YaHIMTU SHT KaTTa TabCHp KypcaTamd.

Nupukmnk Moaynu 1,5—2 6ynaran Kymiuap reMeHT capduuu 5%raua, HHPHKINK
Monynu 1,5 nan mact 6ynranna 12%rava ommpanu. Kym Tapkubuaaru 4aHrcUMOH Ba
TWITYNPOK 3appasiapu MuUkaopu 3 %pan kym Oyica nemeHT capbu 5% Ba yHmAaH Ky
OIITUIITY MyMKHH.

4 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005

19



betoH Ba TeMI/Ip-6€TOH TCXHOJIOTUAIapH
Kymumyanaap
beroH  KOpUIIMACMHMHI  TEXHOJIOTMK Ba OETOHHUHI  KypWIMII-TEXHHUK

XOCCaJapyHM SXIIWIall Makcaauaa KUMEBUM Kymumuanapaad ¢oinanannm ['OCT
7473 tanabnapura MyBo(hUK amara OmupuIa/ii.

TaBcus dSTWIAAUTAH KylIUMYajap

FOCT 24211 Gyitn4a

o ) Hamyua Muknopu® PofaananumIarg camapa
KV IIHMYATAPHHHT CHH{IH
Cynepnnacradukaropuap C-3, v, 0.4 — 0.8 |beTol KOPHIIMACHHHHT CYB
CMd TanafuaHIHrnHd 20%0aH OPTHE
KAMAHTHPA/IH
[nacTHENHEHH Ky4IH NCTM-2, | 0,15—0.3 |beToH KOPHIIMACHHHHT CYB
OLIHP YRUIIAp JITM, MTC-1 Tanabuannaruas 20%raua
KAMAHTHPAIH
[nacTHENHEHH VpTaun JCT, (0,1—0,2 |beTol KOPHIIMACHHHHT CYB
OLIHPYBHIIAD Y11k, TanafuaHnHrned 1 0%raga
MK KAMAHTHPAIH
InacTHENHEHH Kas menok, w4k, | 0.05—0.1 |beToH KOPHIIMACHHHHT CYRB

OLHPYBUILIAp IECE-110, TANADMAHIHTHHEE 5% raa
[EOH-11 KAMAHTHPpAIH, 3—5% Xapo xanb
KIJTHITHH TABMHHAIH, COBYKKA
qHIAMTHIHEHH 30- 100 makara
OLIHpaIiH
Koppoana nurndmropnaps | HH, TEH, TenupbeToHaa TH apMaTVPaHHHI
BXH, BXK KOPPOSHACHHH OMTHHI QA

Haox. * %5 yenenm macoacnaa wuciame £yove sodda sucoiuda,

1.4. IllopTinanaueMeHT Ba YJIAPHUHT TypJIapH.

[TopTnananemMeHT - MNOPTJIAHALIEMEHT KIWHKepHu, rurc Ttom (5%rava) Ba

KyIIuMYaaapHu MaivH KWJIUO TyHHO OJMHAIUTaH THAPABIUK OOFJIOBUMJIHD.

KiiuHKepHMHT MUHEPAJIOTHK TAPKUOH

3Ca0-SiO; -yu kanpumiig cuukar -CsS-amut 45-60%
2Ca0-Si0; -ukku kanpuuiyim cuukar-C»S-o6enur 15-30%
3Ca0-A1,03 -yu kanbuuiinu amomuHaT-C3A - 5-15%
4Ca0-A1,03:PeyO3 -1ypT kanbimitm amomodepput — 19-20%

Hementna 6ornanmaran CaO muxnopu 0,5% nan 6ornanmaran MgO mukaopu 5%

JlaH OIIMACJIMTH KePaK, aKC XOJ/1a Xa)XKMH Y3TapuIli HOTEKUC OViaau.
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betoH Ba TeMHp-6€TOH TCXHOJIOTUAIapH

KJII/IHKep.]IapHI/IHF KJIaCCI/I(l)I/IKaHI/IHCl/I

Knuakep Taxmuamit MUKIOP, %0
CsS CoS CsA C,AY
Amutiu 60 xynu 15 xamua - -
Oounan
Hopwman (anur 60...37,5 15...37.,5 - -
MUKJOpHTa Kypa)
Benutim 37,5 37,5 xyim
KaMua Omtan
AnroMUHATIN - - 15 xynm 10 xkamupga
Ouan
Hopwman - - 15...7 10...18
(asrrOMUHATIIH
MUKJIOpUTa Kypa)
Hemntin - - 7 xamuzaa 18 kynu
Ownan

TI'OCT 30515 Ilemenmnap. Ymymuii mexnuk wiapmaap Oyiuuua uemeHmaap

Kyuuoazu cungnapza oynunaou:
1. ®oiiganannmura Kypa:

*  YMYMKYpPUJIUII Y4YH;

* Maxcyc.
2. KINHKepUHHHT TYpHUra Kypa ueMeHTJ1ap:

* MOPTIAHAUEMEHT KJIMHKEpU acOCHUIa;

* TUITYOPOKJIH (FOKOPHU THIITYNPOKJIN) KIIMHKEP acOCUAa;
cyabdoantoMuHar (-heppur) KIMHKEPHU acocua

MuHepasa KYIIMMYaHUHT TYPH Ba MUKIOPH Xap OUP KOHKPeET IeMeHT

Typura Kapa6 dyerapananaau ('OCT 31108-2003 )

I'OCT 30515-97 Ba I'OCT 31108-2003 Oyiinya améBuii TapkuOuUra Typiau
KyluuMYajlap Ba MHMHEpal KyluuMyaiap OwiaH XapakrepiaHaaud. MuHepan
KYIIMMYaHUHT TypU Ba MUKIOpPU Xap OWp KOHKpeT LEMEHT Typura Kapad

yerapajgaHaJiy.
. IEM | —mopTinaHlieMeHT;
. IHEM |l — munepan KymumMyany NOpTJIaH IIIeMEHT;
. ewm I — mmakau mopTiaaHaLIEMEHT;

. IHEM |V — ny1ionan nopTiaHeMeHT;
. IHEM V — KOMITO3HUIIMOH IIEMEHT.
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betoH Ba TeMHp-6€TOH TCXHOJIOTUAIapH

LiemeHTHUHT aw&euii Tapknbu, macea Byimua, %
Lement Acocuii KOMRoHEHTAAP
ar HOMWHHHT TpaHynanamran Fnnem Exn Eppamun
LemeHT HomM n PaHy. Vu
?ue?aua OFTAEHANEMENT AoMHa Eku 3T® | Myuyonan yetan Kyligupunran | Mukpokpemtezém | O?akTow | KOMROHEHTAIP
BenrunaHuwm KAHHKepu wnam Kyn cnatey
Kn. L. n. 3. r MK ]
Moprnanguement LIEM 1 595-100 - - - - - - 0-5
MunHepa n LEEM II/A-LLI 30-94 6-20 - - - - - 0-5
Fwmmuanu**
WASKAM LIEM II/B-LL 65-79 21-35 - - - - - 0-5
NOPTAAHALEMEHT
nyuyonaH LEMII/A-N 80-34 - 6-20 - - - - 0-5
| YHYBUYIH KyA LEM II/A-3 80-94 - - 6-20 - - - 0-5
TAMEMNH EKM
Kyiigupunrad LEM II/A-T 80-94 - - - 6-20 - - 0-5
cnaHeuam
mMuKkpokpeHesEmnu | LEEM IIfA-MK 90-94 - - - - 6-10 - 0-5
o? aKTownu LEM II/A-H 80-54 - - - - - 6-20 0-5
komnozuupon*** | LEEM II/A-K 80-34 6-20 0-5
L.
(I I Liem l1I/A 35-64 - - . - . - 0-5
NOPTAZHALEMEHT
v :ﬁ:‘::f:'t LEM IV/A 65-79 2135 - 0-5
K
! e [UEMV/A 2078 1130 11-30 . . - 05

*KaTTanuK UeMEHTHUHT acocHid Ba EpAamMuM KOMMOHEHTAIPHUHS, rUncaaH Taw?apu 100% peb ?abyn YuauHranu.

** LEMI| Typaary 4eMeHTAapHHUHE HOMAAPHAR (KOMROZMLMOH LemMeHTAaH Taw? apn) «muHepan ?Ywmmuanap 6unan» feraH cfsHHHT acocit
HOMMOHEHTAAPHUHT — MHHEPan ?yluMMYanap HOMMW KypcaTunagm.

5% Munepan ? YluMmyanap TYRAapMHM YMYMASLWT HPUAYEW —3COCHIA KOMMOHEHTAAP LEMEHT HOMMAA KYPCAaTMAMILM Kepak

[eMmeHTra KyKyH KyliumMy4aJap

* Maiiun KyKyHJIM KyIIuMYajdapHU O€TOH XOCCajJapuHU SXIIWIAIIL, IIEMEHTHU
MKTUCOJI KMJIUII YU4yH O€TOH KOpryHua €K1 KOpHIlIMa Talépai BakTuaa KYIniau.

* llementin

e Ilynuonan

* Homunan unepr

beron Mycraxkam Oynumura kapamai, MypT Oynrannurua cababnu, YHHHT
STWJIMILJIATA Ba YY3WIMIIJAArM MYCTaXKaMJIMTWM CUKWIMIIAATH MYyCTaXKaMJIWTUHUHT
VHAaH OupuHM Taikuia 3Taad. LIIyHMHr ydyH YHUHr Oy KYpCATKWYMHM SXIIMJIALI
MaKCaJu/la YHH IIyIaT apMarypa OMIaH Ky4JIaHTUPUIaNn.®

OnavHaaH 3YpUKTUPUITAaH TEMUPOETOHJAH IOKOpH MYyCTaXKaMJIMKKa 53Ta Ba
MyCTaXKaMJINTH OUIMPHJIraH apmaTrypajaH camapaid (oianaHud, KOHCTPYKLUS
AIIEMEHTJIAPUHUHT KECHMHJa Jlap3fiap XOCWJI OYNuIira KapIiMJIurdHU —OIIUPHII,
Jap3iapHy OeNrujiaHraH yerapaja OYWIMIIMHYA TabMHUHIIANI, FOKIaHUITHUHT Ky MapTa
TabCUP JTHUIIUTA Ay4op OYnaauraH KOHCTPYKUHMSJIAPHUHT OUKPJIMITMHU OUIMPHUII Ba
nedopMalMsICUHU KaMaTUPUII, KOHCTPYKIMS MAacCaCUHM KaMaWTHUPHII Ba IOKOPHU
Mapkara 3ra 0eToHaH (oigaTaHuI dBa3ura (oraTaHmIaIH.

NurMa TemMup-GeTOH MaxCyJlOTIap¥ Ba KOHCTPYKIMSUIADH — KJIACCH(MDUKALMS
acocHJia KyWuaard ajoMatiapu OeNruiaHral: O€TOH KYPUHUIIM, YHUHT 3UYJIUTH,
apMaTypaJlalllHd KYPUHUIIHN, MUKW TYy3WJIUIIN Ba KYJUTAHWIHILIH.

beron Typu Ba KyutaHwiaauradn 6oraoBYMWIIap OYiinua Maxcynotiap gapkiiaHau:
LHEMEHTIM O€TOHNap-OFMp Ba OJAMM 3WY TYJIAUPYBUWIAD aCOCHAA, AJOXH]Aa OFHUpP

% Neville. Adam M. Concrete technology / A.M. Neville. J.J. Brook*. 2nd ed. p. cm. Second edition 2010.
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betoH Ba TGMH}’)-6€TOH TCXHOJIOTUAIapH

OeToHJap Ba FOBAaK TYJNJIUPYBUWIM EHrWI OETOHJAp, FOBAaK OETOHJIAp Ba MaxcCyc
OeToHNap — WCCHMK Ba KUMEBUU TabCcHpra YWIaMIIA, MaH3apaid. MaxcynoTaa
KYJUIAHWIaMrad OETOHJIAp 3UYINTH OYyiinua yTa orup Gerommap suumuru 2500 xr/m3
naH 10Kopy, oFup Gerorap suunuru 1800-2500 kr/m3, enrwn Gerornap suwmra 500-
1800 kr/m® Ba yrTa eHrmn Oeromnap suwmmrd 500 kr/mM3 naH kaM (MCCHKJIMK
VTKa3malauran) oynamau.

Apmarypanam  Typura Kapa® TeMHp-O€TOH  MaxCyJloTjapw  OJJIUHJAH
3YPUKTUPWITaH Ba OJJIUN apMaTypiaHTaH Typura OyIuHaIu.

Maxcynotr Oup Typaaru OeTOHAAH Tal€piaHranjga TY3WIMIIMra Kypa SIXJIUT Ba
WYM KOBaK; OMp KaTJIamMJIM, UKKH KaTJIamJid, Ky KaTJlamiid, Xap Xuil OCTOH TypuaaH
Tau€piaHradn €Kd TypJIM MaTEepUAUIAPHU KYJUIAlll, MacajaH HMCCHUK YyTKa3MalJauraH
Oynmumm MyMKuH. bup Typaaru TeMup-6€TOH MaxcyJaoTiapu Oup OupumaH YIdoBIapH
OwtaH, Macajiad JIeBop 0JIOKH, Oypyak OJIOKH, Jiepa3a ocTH OJO0KM Ba Oomikagap OusiaH
bapknanaan. bup Typ VmUoBmarm MaxcynoTiaap Mapkajlapra HucOaTaH OYIMHUIIH
MYMKUH.

Mapkanapra Oynauin acocuaa TypJiM apMarypaiail, MOHTaX TEHIUKIAPUHUHT
MaBXXYJJTUTH, €KH KYHAUPUIAIUTAH JIeTAIUIAPUHUHT TYPIWIUTH 3bTUOOPra OJMHA/IH.

MurMa TeMHp-0ETOH MaxCy/NOTIApHHH KyJUIAHUIIMTA Kypa: yil-Koil Ba KamoaT
OMHONapH, CaHOaT OWHOJMApPH, KHIUIOK XYXKAJIMK, TPaHCHOPT, T'HAPOTEXHUKA
MHIIOOTJIApY KYPUJIUIIK Ba YMyMHH (oigalaHuIIAary Maxcyiaoriaap OYIuim MyMKHUH.
Maxcynotinap MakcuMajl Japa)karada 3aBojjia Taii€piiaHraH OYIuIIM — Kepak.
Kucmmapgan mbopar Ba KOMIDIEKC MaxCyloTjap HCTEhMOJYWTA TYraTWiITaH, Kouaa
Oyiinua OWTKa3wiIraH, HWUFWITAH XoJIaT/Ja, KylIMMYa Ba KalTa WILIOB Tayinabd
KUJIMaiaurad, 0e3aaMaigurad XoaaTaa eTKa3uiIaam.

Ha3zopar caBoJsiapu:

=

beron mapkacura kypa IeMEHT MapKacH Ba TypH.

2. Kym Ba iupuk TynauprudHuar aoHagopauk tapkuou ['OCT tamabmapura moc
KenumuHu. KyMHUHT Malga-WMpUKIUTHHUA Ba CYyB TajaOuYyaHIUTHHMU. PII/IPI/IK
TYJIIUPTUUHUHT KOHCTPYKIIMS KECUM 103acu OYiinya MOC KEJIHUIIHUHU.

IlemeHT-CyB HUCOATHHHU.

4. CyB-11eMeHT HUCOATHUHH.

w

DoiiganaHnIrad agaduéraap:

1. Neville. Adam M. Concrete technology / A.M. Neville. J.J. Brook*. 2nd ed. p.
cm. Second edition 2010.

2. Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company
Ltd. First Multicolour Illustrative Revised Edition 2005.

3. Li, Zongjin, Dr. Advanced concrete technology / Zongjin Li. WILEY. 2011.

4.  The Science and Engineering of Materials, Sixth Edition. Authors Donald R.
Askeland, Pradeep P. Fulay, Wendelin J. Wright. 2011.
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betoH Ba TeMI/Ip-6€TOH TCXHOJIOTUAIapH

S. AkpamoB X.A., HypurnunoB X.H. beron Ba Temup-0eron Oyromiapu uiuiad

yukapumn texHojorusicu. Jlapcimk (AxpamoB X.A., HypurmuunoB X.H., TormikenrT,
TAKMH, 2010 #iun 592 Ger.

2-maB3y: beTon Kopummacu.

Pexa:
2.1. IleMeHT KOTHIIIH >kapacHu.
2.2. lleMeHT ruapaTanusiCH Ba IIEMEHT XaMHUPH XOCCaTapUHU aHHUKJIATIL.
2.3. beToH KOpUIIIMaIapUHUHT XOCCajlapy Ba YIapHU aHUKJIAII yCYIUIapH.
2.4. betoH xoccanapura TabCUp dTYBYU OMUILIAP.
2.5. Kypununn uHIyCTpHsiCHIa SHEPTHS TEKaMKOPITHUK.

Taany ubopanap: cys-yemenm Hucoamu, 2uopamayusi, CmpyKmypa Xocu
OYIUWU, YeMeHm XaMupu, X08akaiap, Kanuuiap X08akaiap, 2eiu X08akiap, KOmuu

eaKmu, xapaxkanjlanye4aniuk, kamiaamMJaaHuil, MOﬁﬂaHyganﬂuK.

2.1. IleMeHT KOTHIIIH KAPAEHH.

Hydration stages

Ihsiration of the “hydrate” phases and stnociural development during
mydration of the cememnt.

CHEMICAL REACTIONS

Extremelly important!!!

2C3S + 6H --> C3S2H3 + 3CH + 120cal/g
2C2S + 4H --> C3S2H3 + CH +62cal/g
C3A +CSH ;> Ettringite + 300cal/g

[{emeHT cyB OuJIaH apajlallTUPWITaHUAA 103 Oepaural peakuusiap
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beton Ba TGMI/Ip-6eTOH TCXHOJIOTrUsJIapu

3 hours 10 hours

CE 60
Instructor: Paulo Monteiro Courtesy: Prof. Karen Scrivener

[{leMeHT KoTHIITHAA CTPYKTYpPa XOCHII OVIMIIMHUHT OOUTAHHIIN

CE 60
Instructor: Paulo Monteiro

!Review — Identify the crystal

N e 1
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beton Ba TeMI/Ip-6eTOH TCXHOJIOTUAIapH

) Water inside the pores

Interlayer 3 X
Water — >l 00

Capillary
Water —

>

Comprehensive Strength MPa

Physically
adsorbed
Water

1} H
T 28 o L8O El2H
Age - days
Fig. 1.4. Development of Strength of Pure Compounds

Figure 2-9

[{eMeHT TOM IUAPATALMACH JaBPUIa MUHEPAUIAPHUHT XOCHI Oy IrIn®

i = 4 =4
Tresh Paste A 33% Hydrabed -

— A i
5 i
; ;
g
= 2
2 LAl
7 o Sy
A o e

6T Hydrated 10055 Hydrated y

Paste Vislume - ml

Witer Cement Ratic by Yalume
[ ] Capillary Waser i Products of Hydration B Unbydrated Cement
Fig. 1.5, Composition of Cement Paste 21 different stages of hydmtion.

CyHbuii TOI X0CcUI OYIMII naBpuaa (Ga3alapHUHT Y3rapyiy’

& Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005. p.21
7 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005. p.23
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beton Ba TCMI/Ip-6€TOH TCXHOJIOTUAIapH

Table. 2.4. Typical Properties of Conctete and Mortar with Fyrament

Cemant.
flateriz! Comprasave sfrangiir AR Hexural frengtihr RS
Hardanad Conconate
4 hours 17 3.45
1 day 34 5.52
28 days 64 8_Z7
Hardanad Moriar
2 hours 17 —
3 hours 24 4.1
1 day 41 5.9
7 days 68 10.3
T .
Y !
|
e

Automatic / Manuadl S itre Heat of hydration Apparatus
Mortar Mixer

165mm ———=

enm dia

R

D Smmele
e 'l"\ \ A = \, n’\.
=2 Split mod more than 0.5 mm

e (il platis
I /
Himm €=
41

LleMeHT KOTUIN )apaéHUHK YPraHuil yuyH ac6o6ap.’
BeToH KOpUIIMATAPUHUHT X0CCAJIAPH.

beTroH KOpWIIMAacMHU MKKH TapKMOMI KHUCMJAaH TalIKWJI TONraH cuctema Jeo
Kapau MyMKHH. Bynap — O0f10BUM XaMHpH Ba TYJAUPYBUMIApIUP. ACOCUN CTPYKTypa
XOCUJI 3TyBUM OynuO OETOH TapkuOwmard OOFJIOBUM XaMUPH XHCOOIaHAaAW. YHUHT
TapkuOura eMeHT, CyB, aKkcapuaT XoJulap/a MaiJlaJaHraH MUHEpal Kylmumyanap €ku
Kyn kupaau. LlemeHT 3appanapyu Ba maija TyWWiIraH KyIIMMYaIap yJIdamilapd KAYUK
XamMjJla KarTa HUCOWM 1o3acu OwinaH (QapkiaHaauiaap, HaTWKaaa IEMEHT XaMHUpHJa
“KaTTUK >KUCM — CYIOKJIMK~ XOJaTh ro3ara kenaau. byHpall cuctemana ajcopOLUOH

8 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour lllustrative Revised
Edition 2005 p.52-54
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beton Ba TGMI/Ip-6eTOH TCXHOJIOTrUsJIapu

Ky4iap, MOJIEKYJISIp Ba KalWuIsip ¥3apo TabCUPJIAIIYB KYyWIMPOK HAMOEH Oyianu Ba
yJlap CUCTEMaHUHT OOFJIAHUII JapaKaCUHH omupau.’

beron KopuiiMacura XycycUSTIM OYyiaraH XuxamiapfaH OupH YHUHI KyJai
TYIIATYBYAHJIUT Y, €KW MIAKJUTAHYBYAHJIUTH, )KyMJIaJlaH, OEpUIIraH MAaKIHU OMp TEKHCIa
EiMnnub Koramy Ba ailHM BakTAa OUp TYPJIUTHMHM Ba MOHOJUTIMIMHM CaKJIAIIUIUD.
Kynait tymanyByannuk O€TOH KOPUIIMACHHUHI INAKIHU (KOJIMIIHU) TYJIUPHIL
JKapa€HUIa  XapakaTYaHJIWTU(OKYBYAHJWIH), IUIACTUKIUIH, SBbHU  EpHIMAcCIaH
naegopmarysuIaHuIIN OWIaH aHUKJIaHA/IH.

10

beTOHHMHT XapakaTiaHyBYaHJIMIH

Horsh
concrete

LMwWOKaDke

Meadum
workabilty

genaraly
workobia

MOy
woetkable
concrera

beToH KopuIIMacHHN OCOH KOJIUILIAII, KOMIIOHCHTIIAp OpacHIaryd UIIKaJIaHUIII
KYYHHU MMaCAaUTHPHIN Ba YHUHT OKYBUYAHJIUTH OPTHIIUIa KyHHIaru OMUJLIAP TabCHP
ITAJIN:

(a) Kopuwmaoaeu cys muxoopu,

(b) Komnonenmaap nucbamu,

(¢) Tynoupysuunap ynuamu;

(d) Tynoupysuunap waxau;

(e) Tynoupysuunapuume 103acu mekCmypacu;

(f) Tynoupysuunapuune conumumupma cupm r3acu;

(9) Dotioananunean Kywumuanap mypu 6a Mukoopu

® Neville. Adam M. Concrete technology / A.M. Neville. J.J. Brook*. 2nd ed. p. cm. Second edition 2010.

10 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour lllustrative Revised
Edition 2005 p.219



betoH Ba TCMI/Ip-6€TOH TCXHOJIOTUAIapH

beToH KOpMIIIMAaCUHUHT TYpJUd MAPOUTIAp/a Y3UHU TYTHIINMHU Tabpudiai yayH
YHUHT PEOJIOTHK XapaKTepUCTUKaIapuaaH (oimanaHaauiap: CypuInuaary YerapaBun
3YPUKHUII, peflakcallys JaBpU Ba KOBYIIKOKIHMK. ByHIall XyCyCHSTIIApHA aHUKJIAI YYyH
BHUCKO3UMETpJIapAaH QoiianaHuiagm.

bynnait taxpubamap acocaH WIMHA-TQIKUKOT abopaTopusiapaa amaira
omwmpwiaau. WNmnad yumkapuin mapouTiapujia 3ca ojaTAa OeTOH KOpUIIMAacUuHU
XapaKkaTYaHJIUTHHA (OKYyBYAHJIMTH) TYPJIM MoclamMaiap €paamMuaa Ha3opaT KWiaauiap.
by xuxo3map Te3 Ba HucOaTaH oaauil Xonga OETOH KOPUIIMACHHUHT 3apypuid
XapaKkTepUCTUKATApPUHU OJIUIII UMKOHUHU Oepaju.

beToH KOpHUIIMaCHHUHT KOMIAIlyBUYAHIUTUHU YIT4alll

beronnunr wunuioB OepyBuaHauru Mypakkad xoccaaup. UIyHUHr ydyH aHUK
Vynowrapuu Oaxkapumn Kuiuaaup. Kymnad TagkukoTuwiap TOMOHHJAH Oy XOCCaHU
Yprauuin yuyyH TypJid ycyjulap Takiu@ 3TWiraH Ba ynap Oaxapwiuind Oyiinua Oup-
oupra yxmamaup. Oparna O€TOH KOWIAIIYBYAHIWTHHM YiaYall y4YyH KyWHJaru
CUHOBJIap Oakapuyiaau:

. (A) Konyc uykuiu;

. (0) 3uunanryBuaHiIuK KOd(hPUITMEHTHHN aHUKJIAIIL,
. (C) OxyBuannukuu anukiant; (d) Kemmm cunosu
. (E) Vee Bee Koncucromerp CMHOBH.

20 D¥in

Tt

True Slump Shear Collapse

KOHyC 9yKUIIMHN aHUKJIAIl yCKyHach !

11 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005 p.222-234
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beton Ba TGMI/Ip-6eTOH TCXHOJIOTrUsJIapu

Conical % —
IHopper — +

Aurn 0eToH KOPUILIMACUHUHT WILIOB OepyBUAHIIUTH BAKOJIUITa
KOWJTAITYBUAHJIMTUHU aHUKJAIl y4yH unuiad yukapwirad. KypuiamagaH Kypuiidin
ManoHI1a XaM (O TaTaHuIl MyMKHH.

beTroH KOpUIIIMAaCUHUHT OKYBYAHJIWTHHU aHUKJIAII acoo0u

STV NN
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beton Ba TGMI/Ip-6eTOH TCXHOJIOTrUsJIapu

—=— 20Cmm —=

|30men

Mold | \
Hadle | \ ‘

Bottom ,|'I

Clip /
\ w0
=

f
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=
=

L
¥

T0Cmm

Flow Table Test Apparatus

Ymly ac6001aH KOPUIIMAaHUHT KaTJIaMJIaHYBYaHJIUTH Ba CYB aXpaiaulO YHKHUIIN
Vmuamia govganaHuIau
CunkuTtum Tabcupuaa 0eTOH KOPUIIMACHHUHT OKYBYAHIUTHHU aHUKJIAII acO000u

Kelley Ball Penetration
Apparatus

Veaae-Baee Consistometer

JlaGoparopus CUHOBJIapUIa BUOpaIus HaTHXacuaa OCTOHHUHT
YKOMJTAIyBUAHJIMTUHY aHUKJIAI Y9yH MYyJKajJlaHraH acoo0

beron unuiab ynkapur xkapaéHu

Cudarnmu OeroH wunuiad yMKapuiga skapaéHHUHr Xxap Oup Oockuuuaa
OakapuiaAurad UIUIapHy cUGaTiIiv KWIUIIHA Tanal Taau.

MabnymMkun Oup XuJl KOMIOHEHTHapaaH (oigananran xonga Oypnu cudariu
o0eroH omum MyMKuH. IlyHuHr yuyyH rokopu cudarim OETOH OJuIl  y4YyH
OaxxapuianuraH WIDIAPHU KaHmal Ba cudamin  Oakapuiuiiv  JTO3UMIUTHHH
OwnuImuMu3 3apyp. beton uinad yukapuin Kyiujaard 00CKUYIapHU Y3 UUUra oJlaju:
(A) KomnoHneHnTnapHu yinyani;

(0) Apanamtupuii;

(c) Tamumr;

(D) XKownar;

(n) 3uunar

(€) Nunos Gepun (mapaosnan). 2

12 Neville. Adam M. Concrete technology / A.M. Neville. J.J. Brook*. 2nd ed. p. cm. Second edition 2010.
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beron Ba TeMup-0€TOH TEXHOJIOTHsLIApU

Age ot | Tes

e |

7 days . —t

Compressive Strength {MPa)
=

i A 4 3 B L]
Tieme af Mixing — Minutes

ApanamTHpHm BaKTHHUHI' OeToH MYCTaxXKaMJIMT'Ura TabCUpu

.
-
1\ 4}’“*‘%

3amoHaBuii OETOH 3aBOIaApU

‘Wacar fim = wirface are

Ky

o= caman partch

fa = fiva sppregura partick
o= cauwres appregee partich

‘Watsr lkag the
incaresning soid

beronna kopuiMacuga CyBHUHT TapKaJIUIIN

Concrete has a complex microstructure

Sand Particle

Cement grain
Calcium hydroxide

Laanal
10 microns

Instructor: Paulo Monteiro Courtesy Prof. K. Scrivener
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beton Ba TCMI/Ip-6eTOH TCXHOJIOTUAIapH
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BeToH MyCcTaxKaMIMIMHUHT CyB-LEMEHT HUCOATUra OOFIMKIUrK

13 Neville. Adam M. Concrete technology / A.M. Neville. J.J. Brook*. 2nd ed. p. cm. Second edition 2010.p.
105,110,111,117,119
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betoH Ba TCMI/Ip-6€TOH TCXHOJIOTUAIapH

Bl
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Fig. 6.06:  InfAuence of the ageregatelcement ratio on strength of concrete
{From- B, G SINGH, Spoalc surfao: of dpgregales related to
compressive and Aesural strength of conceete, J. Awier. Concr. frsr
54, pp. B9T-W0T (Apnl 1958))

Ha3zopar caBosiapu:

1. beToH KOpUIIMACHHUHI CyB Tajabuannurd Oyimua 1 M3 OeToH ydyH CyB
cappuHH.

2. llement capduan. AHHKIaHTaH [EMEHT MUKJIOPUHA MHHHMAJl pyXcaT
ATWIAIUTAHUOWIIAH COJUIIITUPHUIIL

3. 3uu OeToH KopUIIMacuHU ojuil y4yH 1 M3 OeroHra marepuasiap caphuHH
XHCOOAaIlL.

4. beroH TapkuOMHU MaccacH Oyiinua HUCOUM Ydamiapaa Xucoomaril.

DoiigaJaHUITaH a1aduéTaap:

1. Neville. Adam M. Concrete technology / A.M. Neville. J.J. Brook*. 2nd ed. p.
cm. Second edition 2010.

2. Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company
Ltd. First Multicolour Illustrative Revised Edition 2005.

3. Li, Zongjin, Dr. Advanced concrete technology / Zongjin Li. WILEY. 2011.

4. The Science and Engineering of Materials, Sixth Edition. Authors Donald R.
Askeland, Pradeep P. Fulay, Wendelin J. Wright. 2011.

5. AxkpamoB X.A., HypurnunoB X.H. beron Ba Temup-Oeron Oyromiapu wuuuiad
yukapuin TexHojoruscu. Jlapcouk (AxkpamoB X.A., HypurauaoB X.H., TomikeHT,
TAKMH, 2010 #iun 592 Ger.
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betoH Ba TGMH}’)-6€TOH TCXHOJIOTUAIapH

3-maB3y: beTronsap Ba KopumMaiap yudyyH KMHMEBHII KylIuMyasap.

Pexa:
3.1.beToH Ba TeMHpPOETOH KOHCTPYKUMsUIApHM Talépramijga QoiganaHuiaaaura
KyluuMyaiap KiacCu(puKaIuscu.
3.2.I'panynomMeTpusiHa ONTUMAJIAITUPHUINJIA  KyKyH  TYJIIUpruwiapaaH
dhorganaHuml.

3.3.Maxcyc rokopu myctaxkamiukka sra 6eron (UHPC-100-150 MITa).

Tassny nbOopanap: KUMEBUI KyluuMyanap, KykKyH Kylumyaiap, miacTudukarop,
CynepriacTUGUKaTop, KOMIUIEKC KyIIMMYanap, KOHYC UYKHUIIM, Y4YyBUaH Ky,
MUKPOCWIINKA, ToJianap,hudpa, rpanyIoMeTpusl.

3.1. beroH Ba TeMUpPOETOH KOHCTPYKIUSJIAPHHU Taiiépaamaa goiiga-
JAHWJIAJAUTAH KYIIUMYAJap KiaccuPUKAIUICH.

beroH €ku KypuiIuIl KOPUIIMAIAPUHUHT 3apyp TEXHUK XOCCAJTIAPUHU OJUII YUYH,
IIYHUHTAEK [€MEHTHU MKTUCOA KWIMII Makcaaujaa TypJau KylluMyauapiaH
dborinananmnaau. OnaTaa yjaap UKKU Typra OYJIHHAIH:

Kuméeun rkywumuanap — OeTOH KOpUIIMAacura >kKyAa 03 MHUKAOpAa (LIEMEHT
Maccacura Hucoata 2% rada) Kymmib O€TOH KOpUIIMacy Ba OETOH XOCCACUHU 3apyp
HyHanmumiaa y3rapTupuil UMKOHUHH Oepaii.

Maiiun Kuaubd myiui2an KyKyH Kyuium4anap - NEMEHTHU UKTUCOJ KWIUII YUyH
¢olinananu6, 3ud Ba MycTaxKkaM OETOH OJIUII UMKOHMHH Oepaaunap.

Table S.22 Classification of AdmisxcturesS-20
— Muccsleratiog —— #AcceleralingWater-reducing
.

- P | .

[ocomcrebemortart

Avir-cniraining
{mortar plasticiser)
Crasnpprooling {Repelleal)
Per ilicy reduciog
i ahares _ [preasure sesisting) Rerradens
Pumgping — Accclerators
- Growiing materials ———— Wiatcr rotainers

— Adkali-sgeErepate reducing—1ithsurm/Barium salis
;- CGramualated iron

Superplastscisers
Eodium bemzoais
— < iom d i s Soulsummn
FPolyvhalogenaied phomnols
— Funppicsles —————— MMeldres emulsion
Copper compaunids
— Miscellameous A i Tributylphoephats {THBPF
— Eribucylphthalate (TIEP)
— Adumimiam
Gas Farmer - Mlagnesimm
— oo

— Fil 1 Faolyelecarolyics

I Pigments

— Resins (bonding agents) — PWIC, PWa, Acrylics, 5B

Finely divided mincrals Cermentitioues | Hydrawlic linne
Slag (GGES)

— Rioe= bmsk ash

— Parrolamic

— Cabsined ooy
Drintomaceons easth

— Talc

Hydmasted lime

Chaart powder

Ground lDmestomne

— Imert

— Beomiomile

KuMmEBuii KyIIMMYaIapHUHT Kiaccupukanuscu

14 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005
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betoH Ba TGMH}’)-6€TOH TCXHOJIOTUAIapH

KuméBnii kymmmuanapaan doigananum — Oy OETOHHUHT  TEXHHK
XOCCaJIapuHU OOILIKAPHUIIHUHT SHT KyJlail Ba OAAMN ycyiuiapiaH Oupu O0ynuo, umiiad
YUKAPUII TEXHOJIOTHACUHU XaM OOLIKapuIl MMKOHWHU Oepaau. ABBaln O€TOH
Ta€pramaa TYpad KUMEBUM MaxCyJoOTJIaplaH Ba CaHOAT YUKUHAWIAPHUIIAH
dbolimananuiarad.  XO3WpPrd  BakTAa  OCTOH  wnurad  YMKapuIl — CaHOATH]IA
doinananniaaurad Maxcyc Taii€piaHra Kymumyanapaad Goilgananuiaim.

KuméBnii KymnmmMyaJjiap TabCup caMpacura Kypa Kyiuaaru cuadgJiapra 0yjamHaam:

* beroH xoccanapuHu 00IMIKapyBUU KylIuMYaiap:

— CyB ynwiab TypyBuMm — OETOH KOPHIIMACHIAH CYB QXpaaud YUKHUIIUHU
MMaCauTUPYBYH KyIIMMYAJIAp;

— IlnactukiioBYM — OETOH KOPUIIMACH XapakKaTIaHYBUAHJIUTMHU OLIMPYBYU
KyluumMyasap;

— CrabwioBun — 0€TOH KOPUIIIMACHUHU KaTJIAMJIAaHYYAHJIUTUHU OJIMHU OJYBUYU
Kyluumyaniap.

*  DBeTOHHUHT KOTHIIM Ba OETOH KOPUIIMACHHUHI TULUIAIIMIIMHUA OOIIKApyBYH
KyLIAMYaJiap:

— beroH KOpUIIMACHHUHT  THUIUIAIIMAIIAHU  TE3JATyBYU  (CEKHUHJIATYBYH)
KyILIrM4anap;

— DberoH KOoTHIIMHY Te37aTyBuUM KylIumyanap;

— beroH KOTHUIIMHU TallKM MYXUTHUHI MacT Xapoparujaa XaM KOTHIIWHU
TabMHHJIOBUH KYyIIMMYAIap.

* beron kopuiiMacu Ba OETOHHUHT FOBAaKJIWTH Ba 3UWIMTHMHU OOIIKApyBUH
KyIIAMYaJIap:

— T'a3 xocwit KiilyBUM Kylmuumyaiap;

— XaBo xajnb KUIyBYU KylIuMUasap;

— 3uwioBun (0€TOH FOBAKJIApUHU KOJIMATAIUs KUITyBYH) KyIIUMYaiap;

— Kymuk Xocuin KWIyBYM KyIInMYaJIap.

* beron nedopmanuscuau OOMKapyBUX KyluMyaiap.

* DBeTOHHMHTI XUMOS XOCCajJapyuHU OIIMPYBYM Ba METAT KOPPO3USICHHU
CEeKHHJIAIITUPYBYM KyIIMMYAJIap.

* T) MaxcyjaorTjapra HaM-HCCHK uHNUIOBU Oepum  BaktuHU  40%raya
KUCKapTUpULI, KOJMUIAH €4uO OJMIIHHA, MOHOJMT KOHCTPYKLHMsUIapra IOK KyHuIl
BAKTHWHHU TE3JAIITUPHILI,

* 1) KMII BaKTUAA KOJUIUIAHTaH OETOHJIapra MCCHUKJIMK WMIUIOBUHHM OepmaciaaH
KOTHUPULI;

* ¢) OCTOHHMHI COBYK TabCHpWIa YMJAMJIWJIUTMHU 2-3 Ba yHJAH Ky MapTa
OILLIUPUII UMKOHUHU;

* ’K) OCTOHHMHT 3UYWINTH Ba YTKa3MacIUTuHU 1-2 Mapkara OpTUPHIL;

* 3) OEToH Ba TEMHUP-OCTOHHUHI TYpPJU AarpeccuB MYXHUTIAp TabCUPHUTa
YUAAMIUTHHU OPTUPULI.

KymmMyajapHUHT aj0xuaa Kiaccupukanus rypyXJapuHUHT Tabpuduiapu.

15 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005. p. 199
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beton Ba TCMI/Ip-6eTOH TCXHOJIOTUAIapH

* ITnacuknosuu Kyuwiumuaiap— 0ETOH KOPHIIMAJaPUHUHT XapaKaTIaHyBYaHIUTH
€KM KOMITAIYBYAHJINTUHU OMIMPYBYU CUPT-Paoil Xoccajmapra sra momamanap. Temup-
OCTOH  KOHCTPYKIMSUIAp  TEXHOJNOTHSICHAA  KYIIUMYaJIApHUHT  I[JIACTUKIIOBYHU
camapanapuaad (HoHgaTaHuIl MaXCYJIOTIApHU KOJHUIUIAIIHA OCOHJAIITHPATd EKU
XapaKaTJIaHyBYaHJIMTHHH CakKjaraH Xojja CyB MHUKIOPUHHA KaMaWTHPHUIN Ba IITYHUHT
XucoOura OCTOHHMHT FOBAKIIMTMHUA TACAUTUPHIN, 3WUWINTH, MYCTaXKaMJIUTHHU
OIIMPHII Ba OOIITKA XOCCATapUHU SXITUIAIT IMKOHUHH Oepaiu.

* Cmabunnosuu __Kyuwiumuaaap — OCTOH KOPHUIIMACHHHM KaTJaMJIaHUIIHHU
nacaTupwuira €paMm 6epyBUr MoIaIap.

* Kynuxk _Xocun Kuayeuu Kyuwiumuaaap — 3apyp XaXM OPTHUIIMra Ba TYpPFyH
TEXHUK KYTIUK OJHIIBa OCTOH KOPHMIIMAcH KOMOHEHTJIapu OWIaH apajallTHpUITaH/a
sYeWKaI €K CEOFOBaK CTPYKTYpaHW XOCHJI KWW WUMKOHUHH OepyBuM CUPT-(haon
mopanap. o

* Fosak xocun Kunyeuu Kywiumuanap — OCTOH TaHACHJA MAaKCaJIM XaBO EKHU
ra3CMMOH FOBaKJIApHU XOCHJI KWJIUIIT IMKOHUHU OCpyBYH MoJIIaiap.

* bemon _komuwiunu__Oowikapyeuu — OCTOH MYCTaXKaAMJIMTUHUA OPTHIIH
KHHCTHKACUHU 3apyp WyHaIWIIa Y3rapTHpyBYM (Te3JIaTyBUM CKU CCKHWHJIATYBYH)
Moaanap. KoTuimau Te3namTupyByu KyIMMUYadapHA KYITUAIT KACKA BakTIapa 3apyp
MyCTaxKaMJIMKKa 3PUIIHII, 0ab3u XOJIap/a FOKOPH CYHIH MyCTaXKaMIIMKKa DPUIIHIIL
MMKOHUHU Oepaiu.

* Bemon mycmaxkamaiucunu _owiupyeyu Kywiumuanap - OETOH 3UYIUTHHU
OpTUPUO, YHUHT CYB YTKa3MacluK Ba COBYK TabCHUPHra YHJIAMIIMTHHU, MabIyM
XoJutapfia TYpJH arpecCuB MYXHT TabCHUPHAA KUMEBUHW YWJAAMIIMTHHU OIIHAPHII
UMKOHHMHH OepyBUH (CYyB cap(PUHU KaMaWTHPYBYH ) KyIIuMYaiap.

, " s \

3 Y

- g 3 7"
-u? 3 d > N S 4‘
T e R
T3 -
-

AKpHJI acOCIary SIHTU aBIIOJL CYNEPILIACTU(GUKATOPUHUHT TahCHP MexaHu3Mu’’

18 The Science and Engineering of Materials, Sixth Edition. Authors Donald R. Askeland, Pradeep P. Fulay, Wendelin J.
Wright. 2011.

17 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005. p.146
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Kumépuit kymmmyuanapaad QoiiagaHuIl pUBOKU

*  CosyK _mawvcupuza Kapuwiu Kywiumyaaap — CYBHUHT My3Jalll XapOpaTUHU
nacaTupyBuu Ba OETOHHU callOMil XapopaTia KOTUIIMHU TAabMUHIOBYN MO 1ajap.

* Tuodpoghobr06uu__Kywiumuanap — ¥FOBAKIAp Ba Kamwuspiaap JIeBOpUra
rupod o0 (CyB UTApHUIIT) XOCCATAPUHU OEpyBUM MOIamap.

CyB-1eMeHT HUCOATH.

CyB-ieMeHT HHcOaTH O€TOH XOCCAJlapUHU  OCNTWIOBYM  DHI  MYXUM
napameTpiaapaaH Oupuamp.

Hazapuit xuxaTtaH LEMEHTHHHI Tyja TMAPATALUSACH Y4YYH YHUHI MaccCacura
Huc6aran 22-25% cys Tanab srunagu. '8

Amaia 3ca 3apyp cyB MUKAOpHY 33%HHU TAIIKUIT 3TAJIH.

Ym0y 1eMeHT y4yH CyB MHUKIOPWHU MAcalTUPHUIN Ba [IEMEHT 3appajapuHu Oup-
Oupura SKUHJIAIITUPUIN Y4YyH Ba Iy OwWiaH Oupra KOTraH LEMEHT TOUIMHUHT
3UWIMTMHUA OIIMPHII MYXMM Macanaaup. by 3ca MycTraxkaMJIMKHM OpTHUIIM Ba
VYTKa3yBUAHJIMKHU MMaCAUTUPHUIITA OJUO KeNaIu.

18 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005
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beron Ba Temup OeToHIAp YUyH KYKYHJIU KYIIMMYaiap

MPa ksi MPa ksi
I I 1 I 1 I 1 | 1 I 1
40 - 1 40 -6
28-day 1°

=
5 80 B 30
C c
< o
7] 7]
(0] (0]
2 2
[2] [}
¢ 20 ¢ 20
a a
£ IS
(@) o
O O

10 3-day

1
W
0 ] ] ] 0
0.4 0.5 0.6 0.4 0.5 0.6 0.7
Water-cement ratio Water-cement ratio

(a) (b)
FIGURE 6.7 Typical age-strength relationships of concrete based on compression tests of 0.15x 0.30 m (6 x 12in))

cylinders, using Type | portland cement and moist-curing at 21°C (70°F): (a) air-entrained concrete, (b) non—air-entrained
concrete. (Kosmatka and Panarese 1988)
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betoH Ba TeMI/Ip-6€TOH TCXHOJIOTUAIapH

HeMeHT TOINIWHUHT FOBaKJIapu

* beron mycra\kamiauru Ba yMpOOKUIINIH XaKMHUHUHT Y3rapMaciiurd IEMMEHT
MacTaCUHUHT rujipat (azacura OOXJIUK.

* Korran niemeHT nacracuaa UKKA XU FOBaKJIap XOCHII OYI1a u:

* - TEIBJIN XOBaKJIap;

* -KaImWJUIIp FOBaKIIap.

* Opatna 0eToH TapkuOMIa XaBO XaM MaBXy]l OViiaau.

HeMeHT TOIIMHUHT FOBAKJIapH
I'enb roBakmapu C-S-H katmamuapu opacumaru Kamwauurd 0,5 man Tto 2,5 HM
raua GyiaraH ¢aszo. Y3 HWuMra KarTiamiuapapo (aso, MHKPOFOBAKJIap Ba KHUMK
M3OJIAIUSIAaHTaH  Kamwulapiap FOBarMHM Y3 WYWra ojagd. MycTaxKamiIMK —Ba
VTKa3yBUaHJIMKKA KaM TabCHp OJTaaW. KUPHUIIUIN Ba CWDKHINTA TabCHP OSTHIIA
MyMKHH.

Capillary Pores

C-S-H
Framework

19 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005
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Pores
empty
TT] T ARERBERARI
i T ML Gel pores |
Hydration
products
‘ (gel)
wlc = 0.30 0.40 0.50 0.60 0.70

Increasing w/c ratio

(®)

)

(©) i (d)
20 pm
() Unhydrated material % C-S-H
;K(’)e;;esr-filled capillary Calcium hydroxide

FIGURE 4.7

Schematic outline of microstructural development in portland cement pastes:
(a) initial mix; (b) 7 days; (c) 28 days: and (d) 90 days. (Calcium sulfoaluminates are
included as part of C-S-H for simplification, although they crystallize as separate

phases.)
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Water-cement ratio = 0.33

0.40

Stress, MPa
Stress, ksi

0 | | | | 0
0 1000 2000 3000 4000 5000

Strain, 107©

FIGURE 7.10 Typical stress-strain relations for compressive tests on
0.15 m by 0.30 m concrete cylinders with different water-cement
values at an age of 28 days.

Time [a]
1916 1943 1972 2000 2005
250 1 [ I

UHPC

200 -

150

100

50

Compressive Strength [N/mm?]

| |
1;|D D|'B ulE ﬂld' ﬂ‘z D
Water-Cement-ratio [-]

Maxcyc wokopu mycraxkamJankka 3ra 6eron (UHPC)
Kyna rokopu 314 MUKPOCTPYKTYpa
* IOxopu camapa
» Cukununiaard 1okopu Mmyctaxkamiuk (150-230 MIla)
* FOKOpu yyCcTaxKaIuk
* beTOHHUHT TEXHOJOTUSICH FOKOPU
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Composition of UHPC

Silica fume

PCE -
superplasticizer

Quartz sand

Quartz powder

water

Micro steel fibre

cement

Basalt gravel

Aneu maiiépnanzan UHPC xoccanapu

UHPC mycraxkamiaurura

* XOM aIé€ TapKuou

* apaJalTHPHUIIT
Cynepmuiactudukarop Typu Ba
MUKJIOPH TabCUP TAIH.

UHPC nunr Oup yxu 06yiinya
CUKMJIMIIIATd MyCTaXKaMJIUT 1
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Properties of UHPC in Uniaxial Compression

180
&5 N "l UHPC
2
140 |- —— UHPC / 2 W
e | —mnsc | /
E 120 | e NSC 7
= 1 \ /
2 100 = 7 HSC
9] 80 2
o P 96 N/mm
8 /4
40
20 | £ ol - NSC
Lateral strain *" Longitudal strain 36 N/mm?
0 L 1 1 1 1
30 20 10 00 -10 -20 -3.0 -40
Strain [%/,]
UHPCHuHr 4y3uaumjaara xoccajaiapu
RILEM TC 162-TDF = o coarse agpFegates m
3-point-bending-test - with coarse aggregates
ns 215 N ‘E
= £
y‘ Load application % 2|
7 i
2
B ] o~ 2
? al &’ 4 =
Support > Notch K Support
&) » 1 0 i i i
l s | 0 1 2 3 4 5
deflection & [mm]
A Comparison of the Material Costs
1250
T 1000
b
S
W, 750
5 500
g
o
= 250
0
NSC HSC UHPC
With coarse  Without coarse
aggregates aggregates
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beron Ba TGMHp-6eTOH TCXHOJIOTrUsJIapu

Table 7.8. Compaosition of Experimental Concretes Produced in a
Ready-mix Plant™® (ln W.5.A.)

Concrate type Feference  Hiica fume Ay ash Sag + aiica fume

Wilc+ m) 0.30 0.30 0.30 0.3 0.25
Watar kg/m* 127 128 129 131 128
Cament

ASTM Type il kg/m* 450 425 365 228 168
Hlica fume kg/m* - 45 - 45 5
Fly ash kg m* - - 85 - -
Hag kg m* - - - 183 320
Dolomite limesone 1100 1110 1115 110 1100
Coarse aggregala kg/m*

Fina aggregate kg m* B15 810 B10 BOO a0
Suparplagticizer L'm* 15.3 14 13 12 13
Sump after 45 minutas (mm) 110 180 170 220 210
Srength at 28 day  (MPa) 849 110 80 105 114
Srength at 91 day  (MPa) 109 118 111 121 126
Srength at 1 year  (MPa) 118 127 125 127 137

* Shdlium ==t of a naphthaln sulphonate
YTa I0KOpY MyCTaXxKaMJIMKKa 3Ta O€TOHIAPHUHT TapKUOIapH

Tab. | Examples of mix proportions and resilts o mechanical ssrength

Type of material undt [ Mix1 Mix2 [Mix 3 Mixd Mix 5 | Mivé

CEM IV/A-5 42,5 R + slag + microsilika kgm' | R3L R0 | 026 | R40 | BRO | 980

Ciround quantz filler kgm' | 0 I 535 1o | 5D 50

Steel microfiber 13110,2 mm kgm' | 1001200 | Q00 | 12000 120 | 120

Sand 04 — type | kgm' | 1216

Sand 02 — type 11 kg'm' 871

Sand 0/ — type [ kg'm’

Sand 0/2 - type [V kg'm’ |235 LEsd | LITT | 10

Super plasticizer kg'm' | 40 40 40 il £l £l

Water kgm' | LGS 160 | 165 | 16D | 1AD | 140
Test vesults after 28 davs of curing n water — EN 196-1

Bulk density kgm' | 2380 2450 | 2400 | 2430 | 450 | 470

Compression strength MPa | 1435 153 | 1525 | 1635 | 1735 | 189

Bending strength MPa | 289 3l e 32 M2 | M

UHPC tapku6u (Macca 6yiinua, %)

20v4il J. Kim. Recent Advances in Ultra-high Performance Concrete. J Rec Const Resources Vol. 1, No. 3 1(3)163-172(2013).
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beton Ba TGMI/Ip-6eTOH TCXHOJIOTrUsJIapu

Table ¥ Composition of materials for UHPC (percent by weight)

Compresive
Reference Cement WIC ralin Fiher SCM Couarts powdser | Super-phulicuer | Sasd L
sleenplh
B&C ke b .23 TR DRI5F) i 1% 4% 20 MPa
Hanngau s & .27 TR DRI5F) ¥ s 41% 190 MFa
HIR I .14 E%i5) Dhul5F) e Th 4% 160 MPa
E&C 135 i.1% TRY Tad5F) 13% 1% 5% 20 MPFa
WEL 135 .21 0O0TE(CHT B 5F] 1% 0.I% 44% 194 MPFa
Ahlbaen it .21} TRy P Frz 1% Pre 194 MEFa
Yail J. Kim. Recent Advances in Ultra-high Performance Concrete. J Rec Const Resources Vol. 1, No. 3 1(3)163-172(2013).
UHPC Trapku6u,%
Wbl
Fercapai— ol e wloe el LPHIST,
bl atrriak uHMC L= LEHMATS
T g i [y |
CERT D S35 R aFas R ] [ ]
Lirsa-alsy res L] IEES (3]
Juarce LE] Li] LFE
Enlll m wesecha nned =147 Z214.F Z15.7F
5 a2 L B M L B B L= ==F e |
L e L] =37 =3.F =1.7F
e e O O 2O
S ange g L s =5 =T T
W e e el O D o2E Oa3E L=t ) v |

Kyiiniran kopumma ro3acu «®@ui tepucu' yxmaras saru taiiépaanran UHPC
xoccacH (Taliépaanranaan raxMunan 15 munyr?!

2! precast Elements Made of UHPC — From Research to Application — Graz University of Technology Institute
for Structural Concrete
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Modular Truss System made of UHPC

Elements

-

Q)
Upper chord ‘@

Tension
element

UHPC-joint

Post

UHPC-joint

@

The Gartnerplatz Bridge
Bending Test

Crack spacing << Crack width <<

U STATIC EQUILIBRIUM

The Gartnerplatz Bridge

Structural Analysis
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beton Ba TGMI/Ip-6eTOH TCXHOJIOTrUsJIapu

The Gartnerplatz Bridge

Precast UHPC Element for upper chords

Conventional UHPC-
stair stair

Concrete 0,850 m? 0,205 m?
volume

Mass 2.125 kg 515 kg

Figure 8: Four bending test. Example of deflection observed with sprayed Ductal” mixes at 28d
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beron Ba TGMHP-6€TOH TCXHOJIOTUAIapH
Ha3opar caBosiapu:

1. Beton KOpMIIMAaCHHUHT CyB TanabvaHiuru Oyiimdya 1 M3 OCETOH y4yyH CYB
capQuHH.

2. llement capduHu. AHUKIAHTaH IIEMEHT MHKIOPMHM MHHUMAJ pyXcar
ATUIAAUTaHUOWIIAH COTUILITHPHILL.

3. 3u4 OeTOoH KOpWIIMAacHHH OfuIl yuyH | M3 OeroHra marepuaimiap capPpuHu
XrcoOalll.

4. beroH TapkuOWHU Maccacu Oyitndya HUCOUH Yiuamiapia Xucoomarl.

DoiiganaHUITrad agaduéraap:

1. Neville. Adam M. Concrete technology / A.M. Neville. J.J. Brook*. 2nd ed. p.
cm. Second edition 2010.

2. Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company
Ltd. First Multicolour Illustrative Revised Edition 2005.

3. Li, Zongjin, Dr. Advanced concrete technology / Zongjin Li. WILEY. 2011.

4. The Science and Engineering of Materials, Sixth Edition. Authors Donald R.
Askeland, Pradeep P. Fulay, Wendelin J. Wright. 2011.

5. AkpamoB X.A., HyputnunoB X.H. beron Ba temup-Oeron Oyrommapu umiiad
yukapuin texHojorusicu. Jlapciuk (AxkpamoB X.A., Hypurauunor X.H., Torikenr,
TAKHU, 2010 #iun 592 Ger.

4-maB3y: MoHOJMT Kypuanm/
Pexka:

4.1. YMmyMmuil MabIyMOTIap.
4.2. Kyiima 6eToH. XoccaapHu.
4.3. domganaHuIl coxajapu.

Taanu ubopanap: mononum 6GemoH, onanyoxka, OEmMoHHU NApeapuul KUIULL,
OemoHHU  Kyuuw, OUKDIUK, JHCOUNAULYBUAHIUK, OKYBUAHIUK, KYPYK UCCUK UKIUM
wapoumu, canrbuti xapopam.

4.1. Ymymuii MabJIymMoTJIap.

MoHoJMT Kypujiaum — TeMUp-0eTOHJAaH OMHO Ba MHOOTJApPHH Oapno KWJIMIII
TEXHOJIOrusAcH O0ynuO, y KMCKa BaKT MUYMAA Xap KaHAall OanaHIIWKIard Ba IIAKJIAArd
OWHO Ba MHIIOATIIAPHU OAPITIO ITUILI UMUMKOHUHH OE€PYBUU TEXHOJIOTHUSIHP.

MoHOIMT KypHJIHII KyHHIArH ACOCHIl TEXHOJIOTHK 00CKHYJIapIaH ubopar:
* ApmMmaTypa KapKacJIapuHU YpHATHIIL;
* OmnanyOka (KOJMIUIAp ))HU YPHATHIII;
* beTroHHM KyWuIl;
* Kyitunran 6eTOHHM UCUTHI (KU BaKTHIA);
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betoH Ba TGMH}’)-6€TOH TCXHOJIOTUAIapH

* beroHHM mapBapuIll KUIJIHIIL
* Komumrapuu equ6 omnwi.

MoHOJIUT OeTOHHUHT AB3AJUIHKJIAPH:

*  HnutapuuHr Te3 OaXKapuIvIIu;

* HamyHaBuii Kypuiaum sjeMeHTIapura OOFiauK OyiamaraH Xojga OWHOHHUHT
XOXJIaraH MIaKJIMHU TaHJIalll UMKOHUSATUHUHT MaBKY1JIUTH;

*  YoxmapHUHT WYKJIWUTUY OWHOHUHI TOBYII Ba HWCCUKJIUK H3OJSIUSCUHU
SAXIIWIAWIN, Jap3fiap KETUIIWMHWHT OJU OJNWHAAW, OWHOHMHT Ba3HH TMAacasy,
KOHCTPYKIIMSI MYyCTaXKAMIIMTUHUHT OPTHUIIA YHUHT YMPOOKUIIUTUHUA OPTUPATIH;

+  IOKOpH COBYK TabCHpHUIa YUJaMIIUIHK. %

IOxkopunarmnapra kapamailT MOHOJUT KYPWIMIIHMHT MabiyM Japaxaja
KaMYIIHKJIAp MaBXKY/]

-KapKac —TaHeJIi KypWInIITra HucOaTaH MeXHaT Ba XapaXkaT )KUXaTUJaH I0KOPH;

- MHXKEHEpJUK TU3UMJIapu Ba MYypuiap aBBaJJaH Ky34a TyTHIraH xojja 0apmo
STWIMIIM  KEpaK, YyHKH KEUMHYAIMK MabiAyM V3TapTUPUILIAPHU  KUPTU3UII
KUMMHYUITUKIIAD TYFAUPAIH;

- Beronnam mmnapu +5°Caan rokopu xapoparaa 6aKapIdIIN JIO3UM, ITYHUHT
Y4yH KHUIII KyHJIapy OeTOHJIaI uiiuiapu 0€TOH KOPUIIIMACHHU UCUTHUIN (OaXkapuiaJauran
UIUTAPHUHT CU(ATUHU MAcCaUTHUPHUII Ba SHEPIHs XapaxaTJIapUHU OpTUIIUTa OJIKO
Kenaau), €KW KUIl BakTIapuja OSTOHJAI WIUIAPUHHA Oa’KapuIll MMKOHMHH OepyBYH
Maxcyc Kymumyanapjas ¢oigananuii 3apyp.

- IOkopu MycTaxkaMJIMKHM Ba KOHCTPYKIIUSIHUHT MOHOJUTJIUTUHU TabMUHIIAII
y4yH OCTOHJIAI MIIJIApH Y3TYKCU3 Ba OMp Hewa MyHAIUIIIA OaKapUiIUIIH JIO3UM;

- beron kopuiMacuHu 3u4san HUXOSTAA cU(aTiIv aMajira OIMIMPWINILN 3apyp,
aKc XoJia Xap KaHjai xapakaT campacus OVIIHIIT MyMKHH;

- Temup-6eToH neBopIiap IOKOPU UCCUKIIUK YTKa3yBYAHJIMKKA dTa, IIYHUHT YIyH
KYLIMMYa HCCUKIUK U301 MIUTAPUHU OaXkapull 3apyp Oynanau;

-  MOHONIUT KOHCTPYKUHUSUIAp XOHaJapJaru TOBYII M3OJISLUUSICUHU €Tapiu
napakaga TabMuHIA0 Oepa onmadaun (afHukca 3apOajaH  ro3ara  KejlaguraH
TOBYIIIAP/IA.

51
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MononuT Kypununiaa goiganaHuiagH 0€TOH KOpUIIMalapy KypcaTKUYJIapUHUHT

MEBEPU
JKoitnanryBuaHink
JKolinanryBuaHauk Crprme T
6yiinua Mmapkacu GrKpimK, C XapakaTaaHyBYaHIIHK, p

’ cM
XK1 1-10 - Vpraua Gukp
I11 - 1-8 KaMbapaKaT4aH
112 - 8-16 XapakaTdaH
113 - 16-24 IOxopu xapakaryan
14 - 24u 6onee Kyitma

Typnu KOHCTpYKIHSITApHU OSTOHJIAIT YIYH OCTOHKOPHUIITMACH
KYpPCAaTKMWIAPUHUHT TAXMUHUHN 1apakacu

Kot S XapakaTtiaHyBYaHIHK
PYKIILTYP (KY), cm

[ToiineBop Ba mosu1ap OCTH TYIIaMacu 1-2

Maccus, apMaTypajaHMaraH Ba CUMpak apMaTypajiaHTaH 2-8
Kapxkacnu, Temup-6eToH (rmuranap, 6aikaiap, KOJIOHHAJAP) 4-12
3u4 apMarypajaHraH TEMUP-0ETOH 8-16
ApwmarypananMarad Oypryina0d KHpra3uiaaurad Ko3uKiap 8-10
ApmaTtypananras Oyprynad Kupra3uiaaural KO3uKiap 12-16
bocum ycynuna 6eTonnanagurad Oypryial Kupra3uiagurad 16-24

KO3HKJIap

[axTtanap 16-20
Kyitnnaauran getauig Ba 3u4 apMaTypaiaHra 90-24

KOHCTpYKLUsIap

* Orup OeroH knaccu Kuppamapu 150x150%150 mm O6ynran HamyHanapHu 28 KyH
HOpMaJI IApOWT/a KOTTaHJaH KEWMH MyCTaxKaMJIMKKa CHHAIMO aHWKJIaHaJIu Ba
Kyhnnarnya Oenrunanany - B3,5; B5,0; B7,5; B10; B12,5; B15; B20; B25; B30; B35;
B40; B45; B50; B55; B60 (I'OCT 10180-90). beron kmnaccumaH CHKWIWILIIATH
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mycraxkaminkka (MIla) ytum yuyn B 0,778 xoaddunuentura O0ynunHaau. Mucomn
yayH B10 knaccu yayn ypraya mycraxkamiuk 10/0,778 = 12,86 Mna ra tenr 6ynaaun.>

* CoByK Tabcupura YdJaMIWIIMK  Oyiinga  orup  O€TOH  Mapkamapu
kyinnarmnapaup:F50; F75; F100; F150; F200; F300; F400; F500 (TOCT 10060.0-95),
CyB yTKa3Macinuk Oyiinua Mapkanapu aca W2; W4; W6; W8; W12

Enrua 6eTonsiapuuar tapcuduiapu

CoByk
VYpraua Tapcupura  Mccukimk
P MycraxkaMiInk P o
beron Typu 3UYJINTH, o YUAAMIIIIMK YTKAa3yBYaHIIUK
3 Oyiuua Kjmaccu ...,
KI/M oyiinua K03 puLeHTH
MapKacu

Koncrpyknuon 1400-2000 B12,5-B40 F25-F50 0,64-0,99

KoHcTpykimon-

HUCCHUKJINK 800-1400 B3,5-B12,5 F75-F150 0,23-0,64
U30JALHAIIOBYH

Meemmak 500 809 BI-B3,S bemrunan-— g 17 4 5q
W30JALMAIIOBYH MaraH

MoHoauT 6€TOH KOPUIIIMACHHYN KyHUAaru ycysuiap €paaMuia 3udiiai MyMKHH:
* (A) Kynaa 3udai;
* (5) tpamboBkanan;
* (b) BubOpanus épaamuaa 3udIalLL;
* () nuku BuGpaTop EpraMua 3u4iIall;
* (II) Onmany6ka ra ypHaTWIraH Taluku BUOpaTop €paMujia 3U4Jjall;,
* (III) FO3anmu BuGpaTopaap EpaamMua;
* (IV) Peiixanu BuOpatop €paamua;
* (V) Bubpoxkatox;

* (VD) TurpaTum Ba 60CuM OCTHJa 3U4Jialll Ba OOIIKaap.

2 Li, Zongjin, Dr. Advanced concrete technology / Zongjin Li. WILEY. 2011.
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Table 6. 7. Characteristics and Applications of Immersion Vibrators

&, No. Characterizics of Wibralor Appiication
Lengit of Dhiameter of Recommended * Recommended
the Vibrat- the Whrating frequency of witration Aoce-
ing Needle Needie vitiration under leration {opera-
no Load Sate, tiom i Air), Min
Min Viration
mm mm Vg o
(1) 2} i3} i) (5} (&)
{iy up o 350 up o 35 2000 30 1o 30 Rastic, workable concréle in very thin members and
confined p and for f. of y test

spedmens. Sutable a5 an auxiliary to larger vibrators
n presiressed work, where many cables and ducls
cau®: congestion in the forma

(i) 280 to 800 Over 38 SO00 Over 30 Pastic, workabble concrete i thin walls columns,
up o 6 up o 60 beam s precas! piles, Bght bridge decks, and along
construction joints.
(i 250 to TOO Ower 60 TO00 Over 60 Plastic, workable concrete in general construction,
up o 75 up o 73 such as walls, columns beams, precas ples, heavy

fioora, bridge deck and roof slaba. Auxillary vibration
adjacent o forms mass concrete and pawvem enis.

i i€ (3} i4) (5) 8}
(W) 300 1o 450 Over 75 TO00 Over 75 Mass and dructural concrete deposted in inorements
up to %0 up to &0 up to 2 m? in heavy construction in relatively open

forms, in powes houses, heavy brdge piers and
foundations and for auxikary vibration in founda-
tions and for auxlary vibration in dam construction
near lonms and around em bedded Rems and remnior-
cing stesl.

(¥ 200 to 475 Owver 90 8000 Over 90 lass concrete contaming 15 om. aggregalte
depodgited in incremenis up 1o 8 m?, i gravity dams,
large piers, mamsive w alls, efc. Two or more vibrators
will e required 1o operate simuitane cusly to meft

down and conmbdate noem ents of concmie of 4 m?
or greater volum e deposited at one time in the forma.

* Walae of aceelration measared in comcrete should not be less then T4 percemt of the values given above.

P oAceelemation dm o gravily,

—

Plate Vibrator Scread Board Vibrator
Needie Vibrator Needle Vikvator
JORNGVibeuice Elactric Petrcl

BeToH KOPHMIIMACHHH 3U4JIall YCKyHatapu2t

24 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour llustrative Revised
Edition 2005 p.267-268
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BeToH MycTaxKaMJIMKKA T€3 SPMIIMNINTA KyHUIaruIap TabCHp STHIIE MyMKHH?>;

€TULIMACIINTY;2®

(D)keiuary  KyWWIl WOUIAPUHA ~ Oakapuil ydyH onajdyOKaHW BaKTHJIA

OJIMHMAacCJIUTu

(A) beron mmkactnanumra gakat KMCKa BakT 103 OepulIy;

(b) beron anemenTnapura xxyaa KUcka BaKT MIIUIOB OEpUIIl KIMKOHUATH OYIca;
(C) Kypuui MaliJOHUHT TOPJIUTH;

(D) umnap erapnu napakana cudatiau TalKWI dTHIMAca;

(E) onanyOka MUKIOPUHUHI KaMJIMTH, €KW 3apyp Yadamaard onanyOKaJlapHUHT

eyno

beronra rokopu xapopatia TabCHp dTAUPHUII KyHugaruia Oaxapuining MyMKUH:
* (A) Tabumii mapoutaa (oaaui armocdepa 6ocumua) OyFai;
* (b) rokopu 60cuM ocTHa TEPMUK UIIIOB OEPHILL;
* (C) Undpakuzui Hypiapu OUsiaH UIILJIOB OCPHIIL,
* (D) DnekTp TokM €pAaaMua KOTUILHY TE3TAIITHPUILIL.

Beam undeér steam curing.

% Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised

Edition 2005 p.281-283

26 The Science and Engineering of Materials, Sixth Edition. Authors Donald R. Askeland, Pradeep P. Fulay, Wendelin J.

Wright. 2011.
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MoHomut Kypuiauml >kapaéHuja KyhMa OETOH KopuiiMacuaad (ougamaHuIn
KyWHJIard aCOCUM MacajlaJlapHU XaJl KWJIMIITa KapaTUiTraH:

- MycTaxkaMIIMKHUHT KaHJIaWIUTHIaH KaThud Hazap KarTuk ¢aza Ounad
TYWMHraH [IEMEHT eJIIMMUHU Tal€piaml Ba WIOKMA Oopuya LEMEHT 3appanapu
TUAPATALUSCUHN TYJIUK KETUIIWHA TabMUHIIAI,

- beron Tanacuaa maiiia nap3nap Xocui OYJIMIIMHU KaMalTUPHUII;

- BeTOHHUHT JIOWMXABUM MYCTaXKaMJIMTUHU TabMHUHJIAIl Ba JKCILTyaTalus
XOCCAJIapUHKM TabMUHJAII YYYH 3apyp MUKIOpPAArd IEMEHT €IMMH XaXKMUHU XOCHJI
KWINIIHA TabMUHIA0, [IeMEHT capPuHu nacaltupuin Ousan Oupra cyB capHuHu xam
nacaiitupuinan uéopar.?’

- XOoCWJI KWIMHTaH IIEMEHT eJIUMU TYIAUPUYBUWIIAD 3appajapuHUHT FO3aCHHU
KOIUIAIIra €TUIIMHU TaAbMUHIIAI 3apyp.

- Kyiima Oeronman Oeronnam €paamMuaa IONKa, 3U4Y apMarypajiaH-raH OeToH
MHIIOATIAPUHU Oaprmo HTHII OOIIKa TEeXHOJOorusyapra HUcOAaTaH Y3JIyKCU3IUKHU
TabMUH-JIAI, OETOH KOPUIIMACUHHM ETKU3UII-HUHT IOKOPU WHTCHCHUBJIMIUA OWJIaH
axpanud Typaau.

27'Li, Zongjin, Dr. Advanced concrete technology / Zongjin Li. WILEY.
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Taper tie

Plate

Plate washer
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beron Ba TeMup-0€TOH TEXHOJIOTHsLIApU

Dhualen valve apen

Hopper

I - mler valve apen
Ohaglet valve ﬂoﬁﬂ o e

Flg. T Direcr-acting concrete pump
{Based on A0 Manwal of Comceere Praciice.)

28

beroHn Hacoc unnian IIPUHIUIIA

28 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour llustrative Revised
Edition 2005 p.251
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beron Ba TeMup-0€TOH TEXHOJIOTHsLIApU

1)
204
Rebars 3+ 12 mm dia
A Crap 35 mm
hHiX)
20
] 150
' .
0-200 (1-41X)
S0}
Concréte flowing through L-Box
FiB' 12.27, L-Bax Counfasy | Minguston Constructon Campany
a:ﬁi."rs theough U-Box
Cowtasy - Hindusran Cansfruschon Company
Table 12.16. Shows Typical SCC Mixes in Japan 12.17
ingrediant Fowdser Type VildA Type Coambinad Type

Water kgtm? 175 165 175
Ceament kgl m® 530 220 Z5H
Ay ash kg'm?® r] 0] 206
GGEHAFS kgfm? (1] 220 (1]
Slica Fume kgl m? 0 o 0
E& kgd m™ 751 B o T2
C.A kgfm® TS BZ2S &7
Higkh, Ranges Water reducng 2.0 < .4 1008
admitures kafm®
WA, kg m? o 4.1 00875
Humip flow test dia of GZ5 GO0 GE0
spread mm

HNxku ToMOHHU TEKUC opaénManap
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beron Ba TeMup-0€TOH TEXHOJIOTHsLIApU

Nxku ToMoHu BadIuCMMOH opaénmarap

Tremic smoth bore pps
wilh watemight quick-zction
jovinis

Water level

Enal of tremie immersed
wm eonereie until pour

Fig. 7.00: Underwaler concreting
{Based on COMCRETE SOCIETY, Underwater concreting,
Techmical Bepert, Moo 3, po 13 ( London, 19710,
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betoH Ba TGMH}’)-6€TOH TCXHOJIOTUAIapH

HasopaT CaBOJJIAPH:

1. beroHHMHr AacTiIa0KM MYCTaxXKaMJIMTUIa SPUILUIIWTA SHEPIrUsl TabCUPUHU
KaHJall n30xJiail MyMKHH?

2. beron Ba TemMupOETOHJAH MaxCyJOT MIUIA0 YMKAPUILJIArM dHEprus capgpu
MUKJIOpY HUMasIapra OOFJIuK?

3. beroH Ba TeMHpPOETOHAAH MAxXCyJOT MIUIA0 YMKApUILJIA SHEPrUsSHU KaHai
ycyiap épaamMuaa MKTUCO KUJIUII MyMKHH?

DoiiganaHuIrad agaduéraap:

1. Neville. Adam M. Concrete technology / A.M. Neville. J.J. Brook*. 2nd ed. p.
cm. Second edition 2010.

2. Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company
Ltd. First Multicolour Illustrative Revised Edition 2005.

3. Li, Zongjin, Dr. Advanced concrete technology / Zongjin Li. WILEY. 2011.

4. The Science and Engineering of Materials, Sixth Edition. Authors Donald R.
Askeland, Pradeep P. Fulay, Wendelin J. Wright. 2011.

5. AkpamoB X.A., HypurnunoB X.H. beron Ba Temup-6eron Oyrommapu unuiad
yukapuin texHojorusicu. Jlapciuk (AxkpamoB X.A., Hypuraunor X.H., Torikenr,
TAKHU, 2010 #iun 592 Ger.

5-maB3y: beToH Ba TeMup0eTOH OyIOMJIapy Ba KOHCTPYUHUAJIAPUHM HUIILJIA0
YMKAPUIIAA MHHOBALIMOH TEXHOJIOTUsLIap.

Pexa:

5.1.Y3yH cTenanapaa TeMUup-0€TOH KOHCTPYKIUSITIAPUHH Y3ITYKCU3 KOJIUTLIA0
Tar€piant.

5.2.Kommo3ut apmatypanap.

5.3.bazanbT Ba MOJUNPIIUIICH TONAIAPH.

5.4.beron xoccanapuan Oy3MacaH aHUKJIATHUHT WHHOBAIMOH yCYJUIapH.

Taanu udopanap: cmeno, y31yKcu3 KOIUNIAW, UCCUKIUK UULIOBU Oepuld, UYIaK,
Oemon OUKpaUcU, KOHYC YPKUWIU, wuwa mona, 6asaivm mona, apmamypa, KOMNosum
apmamypa, 6emon Mycmaxkamaueunu 6y3macoan aHUKIaul.
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betoH Ba TCMI/Ip-6€TOH TCXHOJIOTUAIapH

5.1. ¥Y3yH cTeHpjIapaa TeMUP-0eTOH KOHCTPYKUMSIJIAPUHHE Y3JIYKCU3 KOJMILIA0
Taképaam.?®

Kyn xoBaknu opa€nma Ba aeBOpOON NMaHEUIapHU Y3IyKCHU3 KOJUILIAN EXUHUHT
TEXHOJOTUK Tpoi€Tu Kamuaa 18x120 m Ba KpaH 1opajuraH pelbCHUHT OallaHIurua 7
MeTpJaH KaMm OYJIMaciIuru Kepaxk

Ymby mexaa KoiuiuiaHaaurad OyromiapHUHT Oamanmmurun 500 wmmraua,
KeHTury (poiganaHmwiaiurad KoJUIUIOBYM MalllMHAHUHT Typura Kapa6) 1200 mm €ku
1500 MM 6yaumm Mymkus. >

KonumnoBun MallimHAaHUHT CUJLKUII Te3aurd munytura 0,65 nan to 3,0 meTpraua
OYIUIIN MYMKHH.

BETOH KOpHII Y3E€JIMHUHI YHYMAOpIurd coatmra 12 — 20 m® Gukp GeroH
KOPHIIIMACUHU Tau€pialin MyMKHH.

KonumioBur MamwHAaHUHT OKJIOBYM OYHKEPHHHHT XaKMU (KaOysl KWJIMHTaH

TEXHOJIOTUK periamenTra Kapad) — 1000, 2000 Ba 3000 nutp OYAUIIN MyMKHH.

29 https://www.allbeton.ru/article/102.html
30 https://www.allbeton.ru/article/102.html
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beton Ba TeMI/Ip-6eTOH TCXHOJIOTrUsJIapu

\

Opaénma nauTagap

Pureanap

Tycanaap KoMmyHnnkanus Kopodkaiapu Tenaxonaap

LexHuHT HMVIMK MaxCyJI0PJIUId (TAXMUHAH):

V3ynmuru 9 merpraua 6yiran mwmtanap - 200000 m? (43 000 m°);
bankanap - 1600000 1. m.

Acocuil TEXHOJIOTUK YCKYHAJapHUHT KepaKiIu KyBBaTH:
ﬁ}"fﬂKanapHH TO3aJIalll Ba MOWJIaIl MamuHACH - 18 kBT;
CumnapHu TakcumIIall MalHacH - 25 kBT;

Konummopun mamuna - 30 xBT;

BepTtukan kecum mammnnacu - 45 kBT;

BIT 1000 6a3acuaaru 6eToH KOpHIll yCKyHacH - 63 kBT.

Viaykens Koaumiam yayH 1 M° 6eToH KOpUIIMACHHHHT TAPKHOH.

No Homu V4os oupnura  |MuKIopH

1 HemenT M40010 (M500) KT 370-450
Ksapu kymu (1500 xr/m?, 3

2 Mip = 2.0-2.5 vim) KI/M 1000/0,66

3 Uakuk Tormr (M-1200, ¢p. 3 — O/ 1000/0.55

10 (15) mm, 1800 kr/m®)
4 Cys N§ 120-160
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betoH Ba TeMHp-6€TOH TCXHOJIOTUAIapH

) IlemeHT
5 riﬁI;I;EIO(Eg}BIqBH 2TI>;II/IM113CI/I Maccacura 0,6-0.65
Ky HucoOaran, %
XapakariaanyBuamiurd (KU) [om 1-2
7 buxpiuk CeK 60-100
8 Cc/ 0,25-0,35
Marepuajuiapra KyMwjiaauran tajaaoaap.
No Homu I'OCT, TY Texnuk Tanabnap
[Moprnanguement M40010, M500.
Koruim BakTu:
1 | Lemenr ['OCT 10178-85 | Gomumanmmm  —45  MUHYTIAH
aBBas1 sMac; oxupu —10 coarman
Ke4 dMac
Mkp = 2,0-2,5. Wupuk Tom
2 | Kym I'OCT 8736-93 | mukmopu - 10 mmraua (5%). Yann
Ba TIITYNPOK MUKA0pU 3% rada
Opakius — 3-10 MM.
2
3 YaKHK TOIL TOCT 8267-93 Mycraxkammuru  >1200  kr/cwm .
Yaur Ba runTynpox MUKAOpH - 1%
raJga
IOkopu mycraxkamimkka ara Bp —
Il apmarypa cumu, O5Smm.
4 Apwmarypanaii TFOCT 7348-81 Apmarypa CUMHMHUHT 103aCH]Q|
Y4yH CUM KOBAK, map3iap, — 3aHT  Ba
KaTIaMJIaHUII ~ OYJIUINN  MYMKHWH
IMac.
«JIurnonaun
5 | B-2T» ['OCT 24211-91
KyIIMM4acH
ot v 5 beton
o Oonnxa oynuia 2 3 CTOH capdu,
No GytoM MapKac L,mm | b,mm [homm|§ v | V,m | M, KT TaCCH P%’
M
1 [ [IIC90-12... | 8980 | 1195 | 220 (10,73| 2,36 | 3190 | B30,B40 | 1,33
2 | IIIIC 84-12... | 8380 | 1195 | 220 |10,01| 2,20 | 2980 [ B30,B40| 1,24
3 | e 78-12.. | 7780 | 1195 | 220 | 9,30 | 2,04 | 2765 | B30,B40| 1,15
4 | TIHIC 72-12... | 7180 | 1195 | 220 | 8,58 | 1,89 | 2550 | B30,B40| 1,06
5 | IIIC 66-12... | 6580 [ 1195 | 220 | 7,86 | 1,73 | 2340 [ B30,B40 | 0,975
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betoH Ba TeMHp-6€TOH TCXHOJIOTUAIapH

6 | IIIC 60-12... | 5980 | 1195 | 220 | 7,15 | 1,57 | 2125 | B30,B40 | 0,885
7 | IIIIC 54-12... | 5380 | 1195 | 220 | 6,43 | 1,41 | 1910 | B30,B40 [ 0,796
8
9

II1C 48-12... | 4780 | 1195 | 220 | 5,71 | 1,26 | 1700 | B30, B40 [ 0,708
II1C 42-12... | 4180 | 1195 | 220 | 5,0 | 1,10 | 1485 | B30, B40 | 0,619
10 ([ IITIC 36-12... | 3580 | 1195 | 220 | 4,28 | 0,941 | 1270 | B30, B40 | 0,529
11 | IIIIC 30-12... | 2980 | 1195 | 220 | 3,56 | 0,783 | 1060 [ B30,B40 | 0,442
12 | IIIIC 24-12... | 2380 | 1195 | 220 | 2,84 | 0,626 | 843 | B30,B40 | 0,352

Y3yKeu3 KOJUIJIAN YCYJIH OHJIaH TeMUP-0€TOH KOHCTPYKUMSJIAPUHHU Talépiiann
yuyH cap¢ Oyaaauran BakT.

No Omnepanys HoMU Bakt

1  |ymaxHu To3amaln Ba MOILIALI 30 MuH

2  |CumHM TaKCUMJIAII Ba TapaHTIAIITHPHUII 60 MuH

3 [Komumnam (te3nuk — 0,653 m/mMuH) 60 MuH

4 | XuMost KoOury OMJIaH KOILIAIII 10 MmuH

5 Xap Oup Kvonnrmam WynaKJyacuIaH KEUuH 20 Mk
MalIMHAHU MOWJIAII

6 |Mccukimk UIIoBUHU OepuIl 4+10+2=16¢

7/ |TapaHrmamTupuin 3ypUKAITUHU OETOHTA OepHIll 10 MuH

8 |IlnuramapHu Kecu Ba Tai€p OyrOMIIapHU OJIHIII 60—90 mun
Wantut 20 coar

arpoduma

Komnonoexa JIb@®-1500

[Imranapan KyWuin WyJakiIapuHU To3ajdall Ba MOWIANI MaxCyC MalluHa
éplaMpia aMaira OIIMPUIaAN Ba YHUHI ypTaya TE3JUI'M MUHYTHAra 6 METPHU TalIKHJ
sragu.  Ilnuramapam — Kydum — HyJakiaapyuHUd  To3ajall  Y4YyH — YMMYyMUH
15 munyT BakT capd Oymamm. I7I}”lnaKJ1apHI/I MOWJIAII TO3aJIall MIUIAPU TyraTUIraHJaH
CYHI 3yJUIMK OWJIaH amalira OIIMpWiaau Ba Oy MKKaia omepauus yuyH ymymuit 30
MuHYT cap( 6ymamam.3!

Nurau apMatypa cUMJIapMHU TapaHIIAIITUpULI Ba OymaTuim 10 MUHYTAaH OPTHK
OynMaiiau Ba rUAPABIIMK JOMKpaTiap TU3UMU Epaamuaa Oaxapuianu. Uiruu apmarypa
CUMJIAaPDUHM MallMHAra >KOWIall, AaHKEPJApHU YpHATUII, MAIIWMHAHUHI TE3JIUTH,
CUMJIAPHUHT YYIAPUHU KECHUILl Ba TapAHTAIITUPHIL YyUyH yMymMuit 60 MUHYT Tanad

[Inuranapau OeTOHNANl MAITMHACHHUHT TE3JUTM MUHYTHra 2 METPHU TaIlIKWII
Taaud Ba Xap Oup Hynmaknaru MiuTaHu OeToHiaml yuyyH capd OynmaauraH Bakr 60
MHHYTHH TAIIKWI 3TaaH.

81 Li, Zongjin, Dr. Advanced concrete technology / Zongjin Li. WILEY.
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betoH Ba TGMH}’)-6€TOH TCXHOJIOTUAIapH

[lnuTanapra WCCUKIWMK WIUIOBUHUA O€pUIl HWCUTWIAJWraH IMoa EpaaMua
IUIMTAJaPHUHT TAarWJaH, SbHUA IUIMTaJap KyHWIraH WyJakaa ypHaTWIraH YCKyHayap
épaaMuja amaira Omupwiagd. ByHMHr y4dyH miuTaizap Maxcyc ENMHYMK OuiiaH
émwnanu. [lnmuranapra HCCUKJIMK MIUIOBA OCPUITHUHT YMyMUN LUK 16 coaT, spHU 6-
8 coat xapoparuu 55-60°C raua kyrapum, 8-10 coaT M30TEpPMUK MCUTHLIHM TaLIKHII
dTaIu.

Tai€p mMTanapHu 3apyp yiadamiiapla KECHIl Y4YyH appald KECHII
MalIMHacuaad QoiiaaaHuIa .

Taiép muurTanapHu OJIMOC 3appajy IUCKIW appa épaamuia 2 MUHYT KECHJIAU.
Arap MIMTAHUHT XUCOOWM Y3yHIUTUHU 6 MeTp ned ned Kabyn KuiuHCa, Mynakaaru
taii€p 120 merpnu rmumranu 14 xoluaaH Kecull ydyH TaxMuHaH 30 MUHYT 3apyp
Oynagu. MamuHanu YpHATUII OWaH TUIMTAJapHU KECUIl YYyH yMyMuil capd
Oynmamuran Bakr 70 MUHYTHU TamKui OdTaau. Tai€p mumrtanap ombopra €Exku
HCTEMOJIUNTA )KYHATUIAH.

Xap Oup iynakgaru mmta 0eToHnad OYIMHTaHAaH CYHr OETOHJIAI MAlllMHACH
CTEHAra YpHaTUO, KOJMIUIAII MAIIMHACH Ba MMyaHCOH-MATPULIAHH FOBUII Oa)KapUIUIIU
mapt Oynran onepauusavp. MamuHa Ba MyaHCOH-MaTpula cyB OmiaH OOCHM OCTHIA
FOBUJIAIN.

KonumninoBun ManimHaHu FOBUILL

5.2. BeTOH KOHCTPYKIUSUIAPHU apMaTypaJjamjiaru suru eanMm. Komnosur
apmarypa.

Cyurm  BakTiapjga OeToHAaH  Tal€piaHraH Typiaud  KOHCTPYKIUSIIAPHU
apMaTrypanama KOMIIO3UT  apMmaTypanaH ¢oWJalaHMuIl KEHT TapKaliMokKia. by
MaTepual — KOMIIO3UT apMarypa KUME Ba MATEPUANIITYHOCIHUKHUHT OXHUPUTH
0TyKJIapuaad ¢ongananud TaiépiiaHMoK1a, YyHKH Y HOEO Xoccanapra sra. Kommosur
apMaTypa HaMJIMK TabCHpHUAA YUPUMaWIN Ba 3aHIIaMaiu. bup Xum MycTaxkaMIIMKKa
ara MyJaT CUMJIM apMaTypa OWiaH COJIUINTHPWITAHHWIAa YHUHT Maccacu 9 maporaba
nacT. KoMno3uT apMarypa UCCUKJIMK Ba COBYK TabCUPHUTA YHJAMIIM Ba Y3 XOCCAIApUHU
-70 °C pman To 100°C xapopar opanuruaa ¥3 XoccaaapUHU SXIIH Cakai onany. 32

[uia Tomany KOMIO3UT apMaTypalapHU UILIA0 YUKAPHIII

Komno3ur apmarypanu wnuiad YWKApUIl y4yH SIOKCHA KATPOHM Ba MIHINIA
ToJIaJlap TYTAMUHHU TaIllKWJ STYBYM IMUIIApOBHHTAAH (Qoiigananmwiaau. Kommo3ut
apMarypaHu uIUIa0 YMKapuil Oup Hewa 6ockuyal nobopar. Jactnad muma Tonanapra
AMOKCHJI KOMIAayHAu mmMaupuiaan. KelinH KaTpoH MUMAMPWITaH IIUIIApOBUHTIAD
TyTamyIapu MabJIyM XapopaTrada KuzgupwiraH ¢uiabepa /10 HOMIIaHYBYM BOPOHKA
OpKaJii YTKa3uiaub nonumepuszanus KuauHaau. [lonumepuzanusHuar OyHaai xapaéHu
WIMUR Tuinga myntpy3us (uHramszda “pull” — toptmok Ba “through” — opkainw,
opacujiaH) 1e0 aTajaay.

[lynTpy3us Oocku4mMIa Kepakiud IuaMepTIaru 103acu CHWUIMK XUBUY XOCHII
O0ynaau. beron OwiaH sIXIM TUIUIAMIKIIN YYyH apMaTypaHUHT 103aCU KOBYPFaJld t03ara
sra Oynumu kepak. lllyHuHT yayH OyHIail 103aHU XOCUJT KWJIUII YYyH CYHTH OOCKHY/1a

32 The Science and Engineering of Materials, Sixth Edition. Authors Donald R. Askeland, Pradeep P. Fulay, Wendelin J.
Wright. 2011.
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beToH Ba TCMI/Ip-6€TOH TCXHOJIOTUAIapH

3araTOBKaHW Tapam-TapaM M3J1apu OOp Bajlelylap OpKajdu IPOKAaTKa KWIUII OpKaJlu
amalra OmMpWIagu. ApMaTypanap ro3acuja JaBpuil Mpouia XOCHI KWIUII yCYNIHJa
ca 3araToBKa YCTUIa OIOKCHJ KATPOHM IIUMAUPWITAH JAMAMETPU  KHUYHUK
IIMIIAPOBUHTHU cOUpall KWiKMO ypad uYMKMO amanra OWUpHIagyd Ba IOKOpUAA
KEJITUPWITaH Tap3a MoJIUMEpHU3aLys aMalra OUUpHIIaIu.

RAW MATERIAL
STORAGE y FURNACE

REFINER FOREHEARTH

- 1340° C —
& I Lo
I

WINDERS

[wumra Tona unuiad YuKapui

* Komno3ur apmarypaHud uiuiad YMKAPUIIHUHT TEXHOJIOTUK TH3UMHM KETMa-KeT
KOWJTAIITUPUITAH muia €ku 0a3anbT ToJaNapuiaH POBUHIJIAP YpaliraH FalTakiap
VpHATUIard IINYJSIPHUK, TEKUCIOBUYM KypWiIMa, IOMIIATUII KaMepacH, TOPTYBUU
KypWwIMald IIUMAUPUIIT BaHHACH, CHKHII KypuiMmach, (QOpMOBKa KypHJIMACH,
CIUpANIHU Ypalll KypwiMacu, MOJMMEpHU3alis KaMepacu, CyB OWIaH COBUTHIN Y3EIH,
TOPTYBUM KypUJIMa, apMaTypaHU KECHIIl Ba ypail y3enuaaH uoopar. Yoy TeXHOIOT UK

TU3UMJA JaBpuil TPOQHLUIA KOMIO3HUT apMaTypaHy UIUIA0 YMKapHIaIu.

TECHPRO 2000

Kommo3ut apmarypanap Kyiugarnia MapKaJIaHaIu:
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ACK — muia Tojanapu acocuaary Nmia-KoMIo3uT (1Iuiia miacTUK) apMaTypa;

ABK - 6azampT ToOmamapm acocumard 0a3zalbT-KOMITO3UT (0a3albT IIJIACTHUK)
apmarypa;

AYK — yriepon Tonanapy acocuara KOMIO3UT apMaTypa;

AAK — apamu[ Tos1anapu acocugari apaMuIKOMIIO3UT apMaTypa;

AKK — rokopuja KenTUpwiraH ToJjiajap acocuja KOMOMHALMSAJIAHTaH KOMITO3UT
apmarypa.>®

Kommno3ur apmarypajaan ¢poiiajlaHuII COXaJAPU:

ApmaTtypagan Typau OWHO Ba HHINOOTIAPHUHI JIoOMHMXa XYyXoKaTiaapuaa
KeJITUpUJiaran Tajgadiapra acocan (oiganaHuIagu.

* Apmarypa canoat-GyKapo, Wy Kypuiuimuaa GoigaIaHuIl yayH MYIDKaJUTaHTaH.

* Typau OMHO Ba MHIIOOTJIAPHUHT OETOH KOHCTPYKIMsuIapuaa ¢oinananui yuyyH
MYJDKaJUUIAHTaH.

*Orup Ba eHrmwn Oeromnapaa (kynmuk OeroHyiap, opaénMa IuiMTajzap, MOHOJIHT
noiesopnap) ¢oigananum.

* BUHOMAPHUHT FUILT JEBOPIAPUHU TEPUIILIA.

* BuHOMapHUHT TaIlIKU MCCUKJIWK M3OJSLIUSICMHU MaxKamjall ydyH Jgro0esap
cudarnmaa.

* Konctpykuusanapaa Typ Ba crepkeHnap cudaruia.

* Kuprokmapau Maxkamiiaiil uiiapuia.

» Kananuzanusi, Menuopanus uliuiapuia.

« I¥/1 KoIiaMacy Ba TYCyBUHIapA.

* Kumépuii nniad yukapuin 3JeMeHTaapu HHPpacTpyKTypacua.

* OnauHaaH 3YpUKTUPWING Ba 3VPUKTUpWIMAN apMaTypaiaHrad 0eToH OyroM Ba
KOHCTpYKIMsIapaa (EpUTruwiiap TassHUIAPH, JJIEKTP YTKA3TUUIapu TasHYIapH, SJIEKTP
VTKazruwiapu M30JSAIUSIIOBUM TpaBepluaiapu, HWyn Ba TpoTyap IUIMTajapH, JEBOP
TUTUTAIapU, TEMHP WYIT MNauIapy, KOMMYHaJ TU3UMIIAp Ba OOIIIK. ).

* Eun6 onuamaiiauran onanyOkanan ¢oigananul yislapHu KypHIlia Ba OOIIIK.

6A-111 4 ACII

8A-III 6 ACII

10A-111 7 ACII

DU3NK-MEXaHUK 12A-111 8 ACII
xoccajapura Kypa 14A-111 10 ACII
apMarypaHu aJMalTHPHUII 16A-111 12 ACIT
18A-III 14 ACII

20A-111 16 ACTI

3 The Science and Engineering of Materials, Sixth Edition. Authors Donald R. Askeland, Pradeep P. Fulay, Wendelin J.
Wright. 2011.
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Basuu, kxr (Oup xuin
MyCTaXKaMJIMKKa
aJIMaIITHPUITAHU]1A)

6A-I1l - 0,222
8A-11I - 0,395
10A-I111 - 0,617
12A-111 - 0,888
14A-111 - 1,21
16A-I11 - 1,58
18A-I11-2,0
20A-111 - 2,47

4 ACII - 0,02
6 ACII - 0,05
7 ACII - 0,07
8 ACIT - 0,08
10 ACIT-0,12
12 ACIIT - 0,20
14 ACII - 0,26
16 ACII - 0,35

B S AERBE L L pp iy P IS S
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betoH Ba TeMI/Ip-6€TOH TCXHOJIOTUAIapH

Composite

Source | Plasticomp LLC

Kommno3ut apmarypanan goigajaHuIIHUHT ad3a/UTHKIAPH:

VY3unumra 6ynran mycraxkamaura Alll knacciau mynaT apMmaTypaHUKHTa
HucOaTtaH 3 maportaba 0Kopu. MeTamn apMaTypaHUHI MYCTaxXKaMJIMTH KYpPCaTKU4H -
390 MIIa, kommo3ut apMarypanuku ca 1000 MIla gan kam smac.®*

Kommo3ur apmaTypa 3aHriamaiin Ba KOppo3usra yupamanin.

Kucnora rabcupura yngamiu. JleHru3 cyBu TabCUpUra Yuaamiim.

DJEKTp TOKUHU yTKa3Manu. JIusneKkTpouK.

Komnosut apmarypa amanaa UCCUKJIMK YTKa3ManIH.

Paauno tynkuHmapura KapumiankK KypcaTManiy.

Kyna nact xapopataa Yy3MHUHT MYCTaXKaMJIMK XOCCIApUHU HYKOTMAMIN.
bup xun mycraxkamilMKka sra METaJll apMaTypara Hucbatan maccacu 9
O6apobap KUYKK Ba OOIIIK.

AIll kaaccyu myJiaT apMarypa OMJIaH KOMIIO3UT apMaTypa X0CCAJTApUHU

TAKKOCJAaIl KaaBa/In

AIIl (A400C) knaccau MeTaLl
Tacaudu Kommo3ut apmarypa
apmarypa
OINoKkcu KaTpOHU
Marepuan [Iynar OwiiaH OMPUKTHUPHITAH
LIUIIAPOBUHT
Uysunuimgaru MycTaxKamIIuK 390 1300
yerapacu, Mlla
DnacTukirk Mo ryau, MIla 200 000 55 000
Hucobwuii y3aitum, % 25 2,2

34http://www.compositesworld.com/articles/a-hidden-revolution-frp-rebar-gains-strength
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betoH Ba TeMI/Ip-6€TOH TCXHOJIOTUAIapH

VCCUKITUK YTKA3yBYaHIIMK
ko3 punmentu, Br/(mK) 46 0,35

YU3HKIN KEHTrauuIl

13-15 9-12
ko3 puuuentu, a,10—6/°C
Buwinry, T/m° 7,8 19
Arpeccud MyXuT TabCUpHUTa . 3aHrnaMaiiuran
p b myx P Koppo3swusira yupaiinu A
YU AAMIIWIIATY Marepuan
Ncenkimk yTka3yBYaHIUK Hcenkimk yTkazaau Hcenkmk yTkazmaiau
DJIEKTP TOKUHM YTKA3yBUAHIUTH DJIEKTp TOKUHM YTKa3aau JusnexkTpuk
Nminad ynkapuiaauran
Kapran 6-80 4-20

npoduiap, MM

XapuaOpHUHT Taslabura
Kypa

YmpOokuiinuk 80

WWIIIaH KaM 3Mac

V3ynnuru 6-12M y3yHIIUKIAru CTep KeHIIap

YMpOOKUHIUTH Kypunuim meépiiapu acocuna

bazanom mona

bazanpt Toma TOF JKMHCIapW OSpUTMAacHIaH TaW€piaHaau Ba KYMUKOETOH,
NOJUCTUPOJIOETOH,  CTaHAapT  Tal€piiaHraH O€TOHJap y4yH camapaid Ba
MYCTaxKamJIOBUM KyImumya cudaruaa dhoilgaianuiaam.
Marepuana: Ym0y ¢ubpa TonaiapHu Tai€piamiga SHT 3aMOHABHM TEXHOJIOTHSIIAp Ba
MaTepuaapiaas gpoiinananuiany.
Xomamé cudaruaa BYJIKOHAAH OTWIMO YMKKAaH >KMHCIAp - rabOpoauabda3, nuadas,
ampuboauT, 6azanbT, MOpGUPHUT, JOJEPUT Ba OomIKanapaaH dhongartaHuIaIu.
Ymby TOF XUHCIApW LIYHUHTJEK PaguoJIOTMK Ha3opaTAaH YTKa3wiaau Ba Oapya
TEXHUK [IapTiapra >kaBod oepaguiap.



http://basalt.today/2016/08/6322/

beton Ba TCMI/Ip-6eTOH TCXHOJIOTUAIapH

TexHuk xoccanapu

DneMeHTap Tojia AMaMeTpu, MKM (12) £1,5
Hamnuk, % nan kyn smac 0,3
Onactuknuk monynu, I'Tla Munumym 75

Uccuknuk yTkazyBuanink kodgoumentu, Br/MK 0,031 - 0,038

KuméBnii ungamMnunuk, Mmacca uykoruwiuii, %,
3 coaT KalHaTWIragaa

H>O 2
2N NaOH 3,0
2N HCl 2.2

bazaner ¢ubpa ToNMamapum OKOpU KUMEBHH  UMIAMIIMJIMKKA Ora  Ba
MaTepuaNIapHUHT 3apOra OYynraH KapUIWIWTH, COBYK TabCHpPUTA UYWAAMITMIHK,
eNUPUIIUIITa OYIIraH KapIIWIUTHHH, CYB YTKa3MAaCIUKHU OPTHPAIU Ba Aap3jiap XOCHII
Oy mummEY nacaitupam.

Ymly marepuan TaObuuii TomgaH TaWEpraHauru cababnu yHIAaH THAPOTEXHHUK
WHIoAaT/Iap/ia, My XxapakaTu UHTEHCUB OYraH aBTOMOOWIIb Hyiapuiaa, Kynpukiapaa,
aTOM JJIEKTp CTaHLUsATIApUIA, KyliMa mojutapa Ba OOIIK. KeHT (oiJamaHnIaaun.

Honunponuﬂeu moJjaiapHunZe mexXnuk xoccaziapu

2MM, 4MM, 6MM,

Tona ysynmiru 12Mm, 18 mm

Tonamap Typau uIKop,
KuméBuii unramnmk JpPUTYBYMIIAP Ba KUCJIOTAIAp
TabCUpUTa TYJIa YUAaAMIIN

V3unuiiiaru MycTaxkamink 350 H/mm?

36 http://basalt.today/2016/08/6322/
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betoH Ba TeMHp-6€TOH TCXHOJIOTUAIapH

FOMiam xapoparu t=145°C
Marepuan 100% nonunponuieH
Panru Tonanap maddod ok panraa
1M GeroH yuyH caphu 600-900 rpamm
Conuirrupma OFUPIIUTHA 0,91 /M3

Im® OeToHTa TaXMHHAH 375 MJTH.

Toutap conn o
JIOHa TYFpU Kelaau

Haszopar caBoJsiapu:

1. Kotaérran 6etonaa napsiap xocusa Oynumura HuManap cabad oymanu?

2. TynaupyBUMIIapHUHT YI4aMU KaHJlail TaHIaHau?

3. Jap3nap Xxocus OYIUITUHUHT OJIIMHU OJUII YYyH KaHJal yopanap KYpUIHUIITN
Kepak?

DoiiganaHnIrad agaduéraap:

1. Neville. Adam M. Concrete technology / A.M. Neville. J.J. Brook*. 2nd ed. p.
cm. Second edition 2010.

2. Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company
Ltd. First Multicolour Illustrative Revised Edition 2005.

3. Li, Zongjin, Dr. Advanced concrete technology / Zongjin Li. WILEY. 2011.

4. The Science and Engineering of Materials, Sixth Edition. Authors Donald R.
Askeland, Pradeep P. Fulay, Wendelin J. Wright. 2011.

5. AkpamoB X.A., HypurnunoB X.H. beron Ba temup-Oeron Oyrommapu umiiad
yukapuin TexHojoruscu. Jlapciuk (AxkpamoB X.A., HypurtauaoB X.H., TomikeHT,
TAKU, 2010 #iun 592 Ger.
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IV. AMAJIMA MAIIFYJOT MATEPUAJLJIAPA

1-amanmii mamryJot: beTton Ba TeMup-0eTOHAaH TapuXuii Ba 3aMOHABH
KYJUIAHWITAHU TaXJIMJIM.

Mawmryaotaan makcaa. Kagumuii Ba 3aMoHaBHi 0€TOH Ba TeMHUPOETOH HIILIA0
YUKapuIl Ba (QOWJANaHWINIArd DSPUIIITaH TYK Ba KaMYWIMKIAp XaKWja
MabJIyMOTJIAPHH V3JIAIITHPHUIN Ba XO3UPIH BaKTAa COXaja SPUIIMITAH IOTYKIap OuIaH
COJTUIIITHPHIIIL.

Macananuar  kydmmm:  https://www.youtube.com/watch?v=8uQmvjMNaoc
caiituna National Geographic ToMoHuaan xoinamtupuinrad «beToH» HOMIU (QUIbHU
KYPHIII Ba TaXJIWJT KUJTHIIL.

OWIbHUHT Xap Oup Map3yra OaFMIlUIaHTaH KHUCMHJAAH KEHMWH THUHIJIOBUMIIAD
KyHHJ1aru MacajiaJlapHu Myxokama 3THO ¥3 hukpiapuHu Oungupaauiap.

Myxokama y4yH caBoJuiap.

1. Kagumuii Geronmap. Ilymmonan kymmmuanap Oolka KymuMmuaiapiaH KalcH
xKuxaTiapu OujlaH axpanub typanu. Fumr maiigacu (KykyHu) Kymmm4ua cudaruia
KaH/ai camapa 6epaau? Xo3upru BakTAa Oy coxaaa KaHaai TapkubiapHu Ounacus?

2.'uApOTeXHUK WIIIIoAaTIap y4yH OeToHjap. BEeTOHHWHr CyB VTKa3MacCIUTHHH
OLIMPUII Y4YYH KaHJIail dYopanap KypUIIHH TaBcus 3Tacu3? beToH KoThimmaru
HK30TEPMUSHU KaHIail ycyJiap OuiaH nacauTUpUIl MyMKUAH?

3. MononuT Kypunuiiga OeToHnan QoigataHuml. Tamku MyXUT XapopaTd FOKOPH
Oynranuaga OCTOHHM Te3 KOTHO KOJMINMHU OJAWHU OJMII yYyH KaHIal dvopaiap
kypuini MyMKuH? beroHHacocnap &paamuia y3aTwiaauraH OETOH KOPHUIIIMACHHUHT
XYCYCUSITUHU KaHJIall yopajap XucoOura sxXImian MyMKAH?

Ha3zopar caBoJsiapu:

1. beToHHUHT [acTIa0KM MYyCTaxKaMJUTUra SPHUIIHIINTIA SHEPrusi TabCUPUHU
KaH/1ail N30XJIall MyMKHUH?

2. beron Ba TeMupOETOHIAH MAaxCyJOT HIUIA0 YHMKAPUIIIArd SHEprus capdu
MHUKJIOpHU HUMaapra OOFIuK?

3. beron Ba TemupOeTOHAAH MAaxCyJaOT WIUTA0 YHMKAPWIAA SHEPTUSHU KaHIal
ycymap €épaamMuia UKTUCO] KUITUII MyMKHH ?

DoiigaJaHUITraH agaduéraap:

1. Neville. Adam M. Concrete technology / A.M. Neville. J.J. Brook*. 2nd ed. p.
cm. Second edition 2010.

2. Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company
Ltd. First Multicolour Illustrative Revised Edition 2005.

3. Li, Zongjin, Dr. Advanced concrete technology / Zongjin Li. WILEY. 2011.

74


https://www.youtube.com/watch?v=8uQmvjMNaoc

betoH Ba TGMH}’)-6€TOH TCXHOJIOTUAIapH

4. The Science and Engineering of Materials, Sixth Edition. Authors Donald R.
Askeland, Pradeep P. Fulay, Wendelin J. Wright. 2011.
5. AxpamoB X.A., HyputnunoB X.H. beron Ba Temup-6eTron Oyromnapu uiuiad

yukapum TexHojoruscu. Jlapcmuk (AxpamoB X.A., HypurnuaoB X.H., TomkeHT,
TAKMH, 2010 #iun 592 Ger.

2-amaJauii MamryJaoT: Onauii yMyMKYpHJIMII BA Maxcyc 0eTOHJIap TApKUOMHHI
JIofiMXxaJanl.

Nmpan makcan: beron TapkuOuam Xxucoo6man.

Basudann Oaxapuimn yuyyH Xap OMp THHIJIOBUM Y3WHUHT BapuaHTura kypa I-
KaJBaJulapAaH TaHiaad onaau. Xap OuWp BapuaHT y4YyH KUJarWjapHU aHUKJAIl Ba
XucooOJall 3apyp;

1. beron mapkacura Kypa eMeHT MapKacu Ba TypH.

2. Kym Ba iiupuk tynaupruaauar qonagopauk tapkudbu 'OCT ranabnapura Moc
KenmumuHay. KyMHHUHT Maljga-WMpUKIMTHHA Ba CyB TalaOYaHJIWTHHH. ﬁHpHK
TYJIIUPTUUHUHT KOHCTPYKIIMS KECUM F03acu OYiinya MOC KEJIHUIIHUHH.

3. LlemeHT-cyB HUCOATHHH.

4, CyB-1IeMEHT HUCOATHHHU.

5. beroH kopulIMacMHUHT CyB TajnaOuanauru Oyinya | m3 OeToH ydyH CyB
cappuHH.

6. Llement capduHu. AHHKTaHTaH I[IEMEHT MHKIOPDHHH MHHUMAaJ pyxcaT
ATUIAAUTaHUOWIIAH COTUILITHPHILL.

/. 3u4 OeTOH KOpHIIMacHHHM onuil yuyH 1 M3 OeroHra marepuamiap capduau
XHCOOAaILL.

8. beron TapkubuHu Maccacu Oyirda HUCOMH Yuammapaa Xucoomarl.

9. beroH TapkuOMHM XaxMu OYiinya HUCOMI Yuamiiapaa XucooJarl.

10. Kym Ba WHMpUK TYIAMPTUYHUHT HAMIIUTH caba0iin MaTepuaUiapHU YITYallHua
Y3rapulIuHHU.

11. beroH KOpPHUIIMACHHUHT WINYM TapKUOMHM Macca Oyiindya HuUCOM YI40B
Oupauruaa.

12. beToH KOpPWIIMACHMHHUHT HWITYM TApKUOMHM XaKM Oyiuda HUCOWIA YII40B
Oupiuruaa.

13. V am® xaxxmum 6eron xopruuna (1-xaasan) 6up Mapra TaiképaaHagurad 6eToH
KOPUIITMAaCHHHUHT Xa)KMHU Ba UIITYU TAPKUOUHHU.

14. beron kopruyaa 6up MapTa Tarépiail yayH MaTepualJIapHUHT cap(u.

15. 7°C xapoparii 6eTOH KOPHMIIMACHHHM OIIMII YYyH MATEPUAUIADHU HCUTHII
XapopaTH.

16. beToHHUHT JOWKMXaBUH MyCTaxKaMJIMKKa spuIlagurad BakT 20 cyTka smac,
Oanku T1 Ba T2 (4-)kaaBair) BaKT/a SpUIIAIUTaH OyJica IIEMEHT cap(PHHU Y3rapUIITHHH.

17. Hopman miapouTtna KOTraH OETOHHMHI Ti BaKTJard FOBAKIUTMHU KUMEBHM
OofJaHTaH CyB MUKAOpUJaH (4-kaaBaj) Keaud YMKKaH XOJa aHUKJIAlll.

Bapuantiap 0yiinua gactiiadku MabJayMOTJIap
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1-xanBan

Bapua | Kimacc | Mg KY, cm IDK, ¢ |KOHCTpYKUMSIHUHT | dmin -MM | Imin, V, i@
HT B (s) HOMH MM

1 B15 200 10...12 - /6 1umTa 300 75 750
2 B20 250 8..10 - T/0 purens 400 40 2400
3 B20 250 12 ...16 - 1/6 Oayka 300 70 1200
4 B10 150 8..10 - /6 Oayka 300 75 2400
5 B10 150 16 ... 20 - T/6 Ganka 300 100 1200
6 B15 200 12...16 - T/0 1UIMTA 200 80 750
7 B20 250 10...12 - T/6 OGayka 180 70 2400
8 B15 200 5..7 - T/6 OGayka 500 120 750
9 B10 150 2.4 - . T/0 Oaka 300 100 2400
10 B20 250 8..10 - /6 TuMTa 200 50 1200
11 B20 250 2.4 - /6 TuMTa 200 50 2400
12 B15 200 5..7 - 1/6 Oayka 400 100 2400
13 B20 250 2.4 - 1T/6 mmra 120 100 1000
14 B20 250 2.4 - T/6 Ganka 180 75 750
15 B10 150 16 ... 20 - T/6 Oanka 300 100 1200

dmin — KOHCTPYKIUSA KECUMHUHUHI MUHHUMAJI S'/J'I‘{OBI/I, MM,

opacujara macoda, Mm.

Bapuantiap 0yiin4ya gactiadku MabJIyMoTIap

Imin — apmarypa crepixeHIapu

2-KaaBaJI

< Dnakiapaaru aipum Koiaaukiap, %,

= e YaKHK TOII (IIaFajITolI) KyM

/M 70 | 40 | 20 10 5 | Ocr. | 25 |125| 063 | 0,315 | 0,14 |Oct
1 - 15 | 35 20 25 5 15 15 30 25 15 -
2 10 5 35 23 27 0 24 16 27 20 10 3
3 - 4 15 30 | 41 10 5 15 22 44 14 -
4 - 5 47 30 15 3 1 20 18 36 25 -
5 - 4 40 | 30 21 5 4 11 32 30 3 20
6 5 15 | 32 40 8 - 13 20 25 27 10 5
7 - 2 25 30 30 13 8 16 22 24 20 10
8 5 8 40 20 20 7 12 32 28 20 4 4
9 2 20 5 40 30 3 5 35 30 15 10 5
10 - 3 50 15 26 6 20 20 20 20 20 -
11 3 12 | 50 20 10 5 15 15 30 30 10 -
12 - 8 22 50 15 5 25 20 35 10 5 5
13 - 8 20 50 20 2 25 20 35 5 10 5
14 - 50 | 20 15 10 5 20 10 30 20 10 10
15 10 | 20 | 30 28 12 0 10 23 25 31 11 -
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Bapuantiap 0yiinya gactiiadKu MabJayMoTJIap

3-KaaBai
= 3UWITHK, TYKMa 3UWIHK, KI/IM° Macca 6yitnua
§ = Kr/mm® HaMJIMK, %o
aa) kyM(K)  |Yakuk tomt ()| Kyyp. Yiyp. K. Y. K 4
1 2,64 2,68 1,47 1,56 1,41 1,62 3 1
2 2,65 2,68 1,59 1,43 1,52 1,47 6 2
3 2,62 2,65 1,44 1,50 1,39 1,53 3 1
4 2,64 2,71 1,57 1,53 1,53 1,57 4 2
5 2,64 2,65 1,42 1,50 1,39 1,56 5 2
6 2,62 2,65 1,56 1,42 1,51 1,45 4 1
7 2,68 2,65 1,58 1,48 1,51 1,56 7 2
8 2,65 2,67 1,65 1,35 1,55 1,41 4 1
9 2,67 2,70 1,53 1,56 1,48 1,60 5 2
10 2,64 2,69 1,60 1,55 1,52 1,58 5 2
11 2,61 2,65 1,49 1,54 1,41 1,58 7 3
12 2,62 2,65 1,44 1,50 1,40 1,56 3 1
13 2,70 2,65 1,45 1,50 1,39 1,53 4 2
14 2,62 2,71 1,56 1,51 1,50 1,54 6 3
15 2,65 2,69 1,56 1,54 1,49 1,57 4 1
Bapuantiap 0yitn4a gactiiadku MabJayMOTJIap
4-xanBai
BeToH KopUIIMacHHY OJIUII YU4yH MaTepUAITIApHU Tloitnxauii BaKT
o WICUTHIII XapOpaTu
H>O
2 t - R KUM.OOFI.
§ Llement K ﬁnpnx Cys KO;ZZZ_ ! T1 ™2 %
m ) (-) | Tynauprug &) | yapopamu,
(_) oC
1 10 26 16 75 24 400 7 180 20
2 12 12 12 68 18 500 14 180 19
3 6 10 10 68 22 600 14 90 18
4 11 14 14 70 25 400 14 290 21
5 11 11 11 70 19 400 21 90 17
6 4 9 9 70 20 500 14 90 19
7 13 13 13 75 20 300 21 90 20
8 8 8 8 60 20 600 7 90 19
9 7 15 15 81 23 400 7 45 16
10 13 13 13 65 18 600 7 90 20
11 15 15 15 75 22 600 7 90 18
12 16 10 15 75 20 600 7 90 20
13 5 10 10 60 20 600 14 180 21
14 5 10 10 72 30 400 7 90 19,5
15 10 10 10 60 21 400 21 90 18
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Kyummmua macanagap.

78



beron Ba TeMup-0€TOH TEXHOJIOTHsLIApU




beron Ba TeMup-0€TOH TEXHOJIOTHsLIApU

Ha3sopar caBoJsiapu:

1. beroH KOpWIIMACHHHMHT CYB TajaOdaHimuru Oyimua 1 M3 OeToH ydyH CyB
capuHu.

2. llement cappuan. AHUKIAHTaH IIEMEHT MHUKIOPUHM MHHUMAI pyxcar
ATUJIAAUTaHUOWIIAH COTUILITHPHILL.

3. 3u4 O6eToH KopuIIMacuHM oiuil yuyH 1 M3 OeroHra marepuamiap caphuHu
Xucooanm.

4. beroH TapkuOuHU Maccacu Oyiindya HUCOMH Yuamiapa XucoOmarl.

DoiigaJaHUITaH a1aduéTaap:
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V. KEUCJIAP BAHKHA

1-Keiic: beToH TApKNOMHH TaHJIAIl Ba 0€TOHHHM MapBapPUII KUJIHUIIIL.

Uppuranus kaHamiapuja CyBHU TeXall Ba YHH epra CHHTUO KETMAaCIUTHHU
OJJAVMHU OJUII MaKCaJuJa OYMK KaHaulap KypWwIHMIIUAa Kapiiu (QuibTpanuoH
uIUiapuHu onud Oopumn Ky3na TyTtwirad. Kanammapiaa kapimi (QUIBTpIAIHE Xap
TypJlard >KMXO03WHH >KOWIAIITUPHUII UIUIAPU XO3UPTU KyHJAa KYJUTAaHWISINTH (O€TOHIIH,
TeMUpPOETOHIU, achalTiv KoIlaMaliap). YJap >Kyaa 4Yuaamiid, UIIOHApJIH, yJapHU
MEXaHHU3AMIIAII Ba KOWJAIITUPHUIN UIJIAPUHU TYJIUK XO0JU1a KYJUIaHWIAIH.

Komnama yuyn 200...300 Mapkaiu TUAPOTEXHUK OETOH KYJJaHWIaau Ba Oy
Tamabra xaBo6 Oepaan. Y30eKHCTOH XYAyaH é371a KypyK MCCHK MKJINM IIAPOMTH Ba
KUAII BakKTHAAa COBYK Oynumu OwinaH axpanud Ttypaau. Kananm neBopiiapuHUHT
KaIMHIUTA ojaTtaa 14 cm rada Oynmamu. Kypyk MCCHK MKJIMM IIapoUTH]Ia OETOHJAII
UIUIapu OakapuiraHuiaH CYHT 0€TOH KOTHUII BaKTH/a KYTITMHA XoJiiapaa Tanép 6eToH
103acuia 1ap3iiap XOCcu1 OYIIHII MyaMMOCH to3ara Kela/iu.

beron xopummManu xapakatu 2...5 cM, QpaKkiUsSHH HUPUK TYIAUPWIMIL YI4aMu
40MM faH KYII SMac, Koruiama Kamuaiaury 1/3.

Kanamuapaa kapumm pUJIbTPaUUMoOH KOIIaMa KAJMHIUTH

Kanangaru CyBHUHT 4YyKypJIuTH, Kormama KaauHIur, cM
M OeToHIH TEMUPOETOHIN

1,0..15 6...8 6
1,5..2,0 8...10 6
2,0..2,5 8...10 6...8
2,5...3,0 10...12 6...8
3,0...3,5 12...14 8...10
3,5...4,0 12...14 10...12

Koraérran Oeronnma pnap3nap xocusl Oynum cababnapuHu €puTudO OepuHr?
TYynaupyBurnapHuHT YiruaMu Kanjaan Tamnananu? Jlapsnap Xocun OYIUITMHUHT OJITUHU
OJIMII YYyH KAHJA Yopayiap KypUIHILIH Kepak?

2-Keiic: beTo Ba TeMUP0ETOH MILJIA0 YMKAPUIIIA IHEPTUATEKAMKOPJIHK.

3aMOHaBU KypWIHIN HIUIApUAa OCTOHAAH (GOWTaTaHMIT caMapaJopiiurd KyI
KUXATJIaH TEMUP-0E€TOH Oyromiiap UIIa0 YMKAPHIL CypaTura OOFIHK OyIaau.

3aBoj TEXHOJIOTHSICH acocujia WuFMa TeMUp-0eTOH HILIad YMKApUII LIApOUTHA
0€TOH KOTHIIWHYU TE3NMAIITUPUIIHUHT aCOCHH BOCUTACH YHTa UCCHKJIHMK OWIIaH WIILIOB
Oepur 6yMO KoyaIu.

Uccuknuk Owman unuioB Oepuin OyroM Taiépnam ymymui nukiauHuHr 70-80%
BaKTUHU ojagu. Mccukiauk OwuilaH WIUIoOB Oepuil ydyyH OeToH Talépnalira
capQuiaHaural yMyMU UCCUKJIUK dHEPTusicHHUHT 70 (on3urava UIiaTUIa .

Nccuknuk Ounan nuuioB Oepulliary xapaxatiap Ha (akaTt Oyf Ba OOLIKA Typ/aru
DHEPTHUs dMAC, OAJIKM KOJUILIap COHU Ba IIEMEHT capdura XxaMm OOFIuK Oynaau.
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WNccukyuk OwiiaH MIJIOB O€pHIll JTaBOMUMIMTUHU 0ab3u KOJUIUIAp ailjlaHUIN
TaBoMHIUMTH Oenrwiaiiim Ba Oymap O6axocu KopxoHa Oapya wWIIIad YWUKApPHUII
GOoHMApDUHUHT aHYarMHa KUCMMHM TallKwi 3tagu. Konumiuapra 3aBoa ycKyHalapu
yuyH capduaHagurad Oapua nynatHuHr 60-70 ¢owusu cadpranaam Ba KOJIUIUIAp
aMopTHU3aIMsIcuTa TyIoBiIap Oomka 6apua yecKyHalapHukuaan 1,5-2 mapta kynaup.

3aBoana unuiad YMKapuiaaguran Oapya MaxcCyJOTHUHT 85 Qousura kagapu
Kamepanapnaa, Oyr mewn€pmarm armocepa Oocumu Ba xapopatr 60-100°C Oynran
mapoutna OyFiaHaau. byFnamijgaH Tamkapu sHa aBTokjaBna OeroHHu 174-191°C
tyiaupunran  0,9-1,3 MlIla OGocumuna Oyr Ownan Oyfnam, Oepk  KOJIUIITHU
TallKapuUCUAaH KU3IUPHUIN Hyau OwiiaH, OCTOHHM HWHIYKIIMOH TOK OWIIaH, JJIEKTP
MarHuT MailIoHKa UICUTHUI YCYyJIIapy UILIaTUIIA .

Kopxonanapna 6eronnu ku3aupuir 2,5 coatnaan 24 coarrada gaBom dTaau. bupok
acocaH, Oeron 12-13 coar xw3gupwiaan. Camapaad TEXHOJOTHUK YCYyJJIapHU
UIUIaTMacaaH TypuO OyFJaliH{ TE3JAITUPHUIN HEeMEHT capduHu omupanu. Mucon
yayH Oyrmam 13 coatman 6-7 coarra kamantupwiranga mapkacu M 200 Oynrax
oeronya nemeHt cappu 80-100 kr/ms3 kynasau.

Temup-6eron Oyromiiapura UCCUKJIMK OWJIaH UIIJIOB OEpUI yiap >KYHaTHIaAUTaH
(YTyBYaH, KOJNMIJIaH YMKAPUII JapakacuJarvd) MYyCTaxKamJIMKKa SpHUIITyHYa JaBOM
stanu. bynnai xonatna OyriaHranjiad cyHr 28 cytka yTranaa OeToH Tajnad KWIMHTaH
Japakajgard MYCTaxKaMJIMKKa, SbHU O€NTHJaHraH MYCTaXKaMJIMKKA SPUIIHINAIIT
7n03uM. beToHHM XyHaTWIaguraH napaxaaard MyCTaxkKamjuru ned OyroM 3aBojiaH
HCTEHMOITIUTA KYHATWIAIUTAH JapaXkaard MyCTaXKaMJIUKKa alTHIIa Iu.

VTyBuaH MycTaxKkaMiIMK OJJIMHAAH 3YPUKTHPHITAH OyloMIap YdyH GelrHiIaHaiu
Ba apMaTypaHUHI OJAMHIAH TOPTWIMILIMHU YHra YTKa3ull BakTUAA 3apyp Oyiaguran
GETOH MYCTAaXKAMJIMTHHU Oenrumiaimd. YTyBYaH Ba >KYHATHIAMMTAaH MYyCTaXKaMIIMK
MyailsiH OMp MaxcyJIOT Typud Y4yH OeNrujaHraH TEXHUK IapTiaap OwiaH TapTuOra
conuHaau. bab3u Xommapaa KyHaTWIAAUTAaH MYCTaXKaMJIMK UCTEbMOJIYN Ba JIOWUXAUH
TAIIKUIIOT OWJIaH KETUIIHIIA K.

Konunpman dvukapuill MyCTaxKamyIMK, OETOHHHM KOJMIJIAH YUKAPUII MYMKHH
Oynrad Ba 3aBoJ] W4KMa XaBPCU3 TPAHCIOPTUPOBKA KWJIHUII MyMKHH OYJIraH MHUHHMAI
MYyCTaXKaMJIMKHU Hazapja TyTaau. Y Tal€piaoBun KOpXOHA TOMOHUJIAH OeJTMIaHa/IH.

M 150 Ba yHJaH I0OKOpY MapKaJld €HTWjI Ba OFUp OETOH/IaH TaépiaaHrad Oyromiiap
yUyH KYyHaTHIagurad Mmyctaxkamiauk 50 ¢ousnan roxkopu Oynumu, M100 apkanu orup
Ba eHTrwJ OeTOHAaH Tal€pnanraHn Oyromuiap ydyH 3ca myBoduK pasumimga 70 Ba 80
dbouznan KaMm OYIMaCIIUTU Kepax.

beToHHUHT HacTIabKu MyCTaXKaMJIMTUIa SPUILMILNATA SHEPTUsl TAbCUPUHU KaHJal
n3oxJjam MyMKUH? beToH Ba TeMUpOETOHAaH MaxCysoT UIUIA0 YMKAPHUILIArd SHEPTus
cappu MHUKIOpYM HuManapra Oornuk? beToH Ba TeMUpOETOHAAH MAaxXCyJIOT HIILIA0
YUKapUILJIa SHEPTUAHH KaHAal ycyiuiap €paaMuia UKTUCO KWIHI MyMKHH?
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3-Keiic.

Moving a Reinforced-Concrete Building: Case Study

Dory Telem'; Aviad Shapira, M.ASCE®; Yizhak D. Goren®; and Ghilf J. Schexnayder, FASCE®

Abetract: The project management team directing the construction of o conenate building leamed during the last stages of construction
thal the buikling encroached by 190 cm inko the permil specified sethack. This case study discusses how the Intemnet was used o aid the

contrictor in aldressing the problem and the particular soluitmn adopted for moving the buikling. The seps tuken by the project
management beam From the moment the problem was discovered through mewing the building e its correct bcation are described.
Pructitieners can learm much from the creative approach used by this project team 1o find o solution o the challenges of such o unigue

problem.

DOz 10,1061 X ASCENITIZ- 436420060 132:2{ 115}

CE Datsbase subject headings: Concrete structures; Concrete construction; Data collection; Tnternet; Belocation: Case reports.

Introduction

In March Z00, Ghivra Mehler Building Works Lid. {Mehler
2004} began construction of the official residence For the Tapanese
ambassador o Isrel. This company, which specializes in cons
struction of luxury homes and commeercial and public buildings in
Israel, has aver Mb vears of diverse project experience. This was a
very prestigious and high profile project in Herzliya Pituah, a city
located just north of Tel-Aviv on the Medilermrunean coast. The
Japunese. after reguesting o limited number of preselected con-
tractors to present pertfolios of their work, allow only approved
contractors 1o submit competitive bils for the contract, Ghiea
Mehler submitted the kw bid and a conlract was awanded withaut
any further negoliations.

Even thaugh this was a residence, the structurad frame of the
building was reinforced concrete—heavily reinforced concretle
hecause it conformed 1o the Japanese corthequake stanclards. Until
August 20HF the project was progressing according o schedule
and within budget. AL that time, however, the surveyor, who was
laying out the location of an additional small structure on the site,
discoversd that the positioning of the residence did nst conform
o the building permits, The building as constructed was 1) em
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1er the east of its comect location and it protruded by that distance
imtar the required and comraciually specified sethack space.

Striving 0 serve the clienl, the project management feam de-
cided b postpone the finger pointing and (o Foecus on meeting he
challenge of positicning the stmucture correctly. This paper fo-
cuses on the creative and professional manner in which a proce-
dure for moving the building wis decided upon and how ihe
building was muoved.

Moving Heavy Structures

There are three main reasons why buildings are moved: {11 for
preservalion-=—for example, Cape Hatberas Lighthouse {Cape Hai-
leras Lighthouse 2001; Lighthowse 1993); {2] when for constrac-
tien, silte, or schedule reasons the strocture s assembled in a
specific kcation and then moved o ils final locatim—Ffor ex-
amphe, Coleman Bridge {Esking 1997 or (3) to correc! a mistake,
as presented in this cuse.

Because of the unigueness of mast heavy moving opendsms,
the equipment required for these underakings is in most cases
designed for the specific operation by the company in charge of
excculing the move, It is possible o nd o wide variety of eguip-
ment combinations, such as hvdraalic jacks, wheeledicraw lerfrail-
mounied corriages, shoring syslems made of imberfsieel, and
lemparary reinforced-concrete supports used e accomplish these
types of projects. In the majority of cases, regandless of the spe-
cific means usel, the structure i frst lifled and only then is i
moveld or ransporied (Kennedy and Kennedy 2003; Koster 2003,
Xu 2001; Anders 2000y Hunt 246 Phillips 2000; Powell 1999,
Afer it is ransperted fs the desired location it is lowered onto a
newly prepared Toundation.

The operation presented bere is unigue as compared 1o wther
reported cuses in that the building, in spite of §s considerable
weight, was moved witheat being lifled.

The Buliding

Al the time the location error was detecled, construction of the
building's reinforced-concrele frame was almost complete. All of
the reinforced concrele floors and walls had been cast; the only
remaining structural work was that of casting the roof (Fig. 1)
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Fig. 1. Stz of building before move

The building rests on o mixed sand and clay-sand soil, which
i% the matural sl found at the buikling site. Afer excavation (o
the reguired Foundation elevation these nutural soils wene oom-
pacted o 98% AASHTO T- LR (A ASHTO 19%0) using a smoadth
drum steel-wheel roller. Upon this compacted matenal is a 45-
cm-thick reinforced-concrnete rafl foundaton. The raft foundation
and the structure were designed 10 the Tapanese earthguake stan-
dard. The we of a rafl foundation and the design gandard were
specified by the Jupanese to their Israeli design team.,

One meter ahove the 830 m? raft foundation is @ second slab.
This secend slab is 20 cm thick and approximately S m® in
areit. The purpose of this secomd slab is o create what is referred
o us a bechnical area. Within this technical area. which is sand-
wiched between the two slabs, are the building™s plumbing,
HWALC, und electrical systems. While | m does nol provide stand-
ing room it does allow easy access o all systems. Rising above
the technical-area-covering slib are o basemen: of 625 m°, a
ground Hoor of 625 m*, and a second Hoor of 550 m*. The ground
and second Hoor slabs cach have a thickness of 20 cm. The 14l
building enclosure is 2,600 m® {1,800 m® for living and the
R00 m? technicul Aoor),

Seeking 8 Solution

Adter recovering from the shock of discovering the problem the
contractor began 10 seek selutions. The architect first proposed
culting off the protruding 190 cm that extended into the setback
wone amd adkling Aoor space W the epposite side of the building. A
new foor plan was developed by the architect and presented (o
the owner. The owner, however, was mad receptive o this idea and
clearly stated that the “contract specified residence™ was what
must be provided.

The contractor then conceived the idea of lifting the building
with cranes und moving it as necessary. A caleulation of the build-
ing weight {concrele and steel in the structure) at that peinl in
constructien revealed that the crane would have 1o Lt approsi-
malely 4, B tonk. This weight made lifting impossible as a crane
of such capability was not available amd even if such a large crane
was located there wus insafficient space adjacent o the building
for positioning such a monster machine, A Demag CC 12,600,
ane of the largest capacity commercial crunes availuble, is only
rated at LGN ons (at a rasbios of 12 m) and the wadih From
oulside edge of crawler W oulside edge of crawler for this ma-
chine is 12.2 m. After one month of shut down there was no
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vighle plun as to how 1o proceed. But the contractor still believed
that mewving the structure might be possible. The one positive e
during this pericsl was that the structural engineer held 10 the
philosophy that every member of the project team needed (o be
commitled o solving the problem.

The contractor recognized that be lacked knowledge about
moving such o heavy structure and was now fully cognizant of the
necessity For obtaining expert advice on how o proceed. After
finaling thal experience with mawving such a heavy building was
nat availuble in lsruel, the contractor was nol sure as 1 how 1o
locate such knowledge internationally. Al this psint the architec)
mentioned 1o the comtractor that an Inernet search might produce
resulbs.

Websaite

With the klea that a website woukl serve as o means for ablaining
expert assistance, the contractor turned to an information technol-
agy consultant. This was one of the most significant steps faken
by the project team. Though this consultant had never develsped
a wehbsite For o construction company, he dikl have experience
leading the development of pioneering Internet prisjects. The con-
sullant crafied a website (no bonger active) that supplied all of the
important project information amnd explained what had W be ac-
complished. A descriptive wrleup. sketches, measurements, the
calculated buikling weight, and project pictures were posted on
the wehbsite. Initially the contractor instructed this consuliant o
concentrale on expertise located i North America.

Data mining

Using data mining fools, the consultant ilentified and created a
data base of companies in North America involved in moving
haildings or supplying equipment fir moving buiklings. To each
af these companies un email was sent which sought 1w verily the
contact information and 10 obtain an initial indication of interest.
A secomd emall was sent to these companies that expressed an
inberest in the work. This second email provided a link e the
project website and specifically requested submission of proposed
methads for maving the sbructure.

The creation of this website specifically designed for seeking
sollutions to the problem of moving such a heavy concrele strocs
lure trgether with the data mining search that identified compa-
nies with the required expertise proved a success. Four days after
launching the search mawe then BD serious responses were re-
ceived from Morth Amerca. This group of responses supplied the
contractor with o valuable owverview of the principal methods wsed
for moving heavy stmctures. Some of the sggesied methods
were miled oul immedialely becawse their application was limited
lo smaller amd lighler sroctures. They wene viable methods for
moving wonden houses weighing wp b LINK 1on bul nad really
applicable to the beavy conerete structure that was the immediate
problem.

The contractor then direcied the information echnokegy cons
sullant o expamd the data mining search 0 Ewrope. Similar
emails, seeking professional services, were sent to Eungpean com-
panies. After analyzing all of the proposals, it was determined tha
the bwo most experienced companies specializing in providing
eguipment for this unigue undertaking were located in Switeer-
land and Germany.
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Word of Mouth

At this poant o small demolition subcontractor wha had often
worked with the building contructor informed the company owner
about a company in The Metherlands that moved large structurnes.
This subconiractor knew about the company because he often
purchased vsed equipment from them and while in their vand in
Belgium had seen some of their equipment for moving large
structhures. Therefone, on the advice of his friend the contractor
contacted this third company.

Selecting a Method

Specialists from these three companies were invited individually
i Iszael o wisid the construction sie and o conduct their own
investigation of conditions. The contractor paid for their travel
and provided the visitors with all relevant duta,

Opinlons

The first inglivicual te visit the project was from the Swiss oome
pany. Afer spending about two howrs inspecting the work and the
sile, this specialist announced that he had come with a precons
ceived plan 1o lift and move, bul had now changed his mind and
proposed that the building be pushed inte the proper location.
This was the Arst time anyone suggesbed pushing or jacking the
building. This method is sometimes referred 0 as propulsion.
This engineer concluded that lifting the building was nol reguined.
By applving a large haorizontal firce, preater than the siatic fric-
tion between the raft foundation and the suface below it he
believed that the building could be slid indo its new proper
position.

A representative from the company in The Netherlands was
the second specialist b wisit the projecl. Aller compleling the
inspection be announced that be was satislied they could move
the buikding. When asked how he proposed to proceed he said
“hift aml move.” Al that point the contractor asked if jacking the
huilding was possible. This specialist immesdiately replied in the
positive 1o the jacking suggestion.

A prodessor representing the German company was the last o
visit the site. He proposed o plan of lifting the building on inflated
pillows anal usimg a rack system b skid the building inlo it
comrect location. This method of moving structures had been suc-
cewsfully implemented several times in different locations around
the world und did ol involve a large risk. Again the contractor
ingpuired as 10 whether the specialist theught the building could be
pushed withowt lifting. This specialist immediately saxl "no.™ He
went on W explain that by pushing vou would cause the entine
building to shift "out of balance™ and it would develop cracks and
possibly fracture.

The contructor realized that lifting and skklding the building
would be very costly as one of the early responses from a mover
i the United States had stated, “Our useal solution is o jack the
peece after installation of a supporting frame, and then to skid it
an a truck with skid shoes. We did this two mes recently with
peeces over 4,000 1ons, bul the cost was very expensive lover |
million TS 51" Mewvertheless, the contractor requested that each
of the three companies submil a formal proposal far accomplishe
img the mawe. It was requested that the propesal inchude o general
description of the planned methad and a cost estimate.

RBoth the Swiss amd Dutch companies proposed jacking. The
Germany lirm submitted a proposal o lift and skid which was
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almuost eight limes more expensive thun jacking. Additionally, the
German firm submitted a very detailed engineering report dis-
cussing how the building would react o jacking, This repon
caused the conlractor grave concem, as it concluded that the task
could not be achieved by applying the propulsion methad. 1t pre-
dicted that the horizontal Force would cause the buikling o cruck
anil eventually to collapse.

Decision—A Partner

Research by the contructor revealed that up to that paint in time,
the propulsien method had never been executed on a reinforeed-
concrete structure of this sxe. In execuling this picnecring en-
deaver, the project tleam could afferd no mistakes and one of the
key elements needed in order 10 achieve success was choosing the
right company 1o execule the move.

Given its negative opinion on the application of the propulsion
miethael, the German company wis eliminated from consideration.
The dilemma of chissing between the Dutch and the Swiss com-
panies was hard. They both had demonstruted expersence with
specialized projects and lefl a strong professional impression on
the comtructor. The fee stipulaled by the two companies. For their
services was almast identical.

The deciding selection factor was “attitude” toward the work.
Whereas the Swiss company demanded that in the case of a
fatlure, it would sl be pusd half the fee, the Dutch engineers
were nol willing o regand failure ax an option, and consequently
stated that if the operation were not successful, they would not
receive a fee. The comtraclor Fell stmngly aboul this attitude
determination W succeed and willingness o share the nisk. This
attitude convineesd the Ghiorm Mehler Company that the Duich
engineers wene the pariners they wanted For this challenging
wink. Risk shuning stremgthened the need for the two companies
lo work as one unit. Hence the Dutch company, Mammaoet (2004),
was given the project and o conlract wias executed,

Planning

Onee the method and equipment werne selected, detailed planning
began. During this planning stage {1} the resisting Rrces were
calculated and venfed in the laboratory; (2] a jack suppan neac-
lion system wis desigoed: 13) the necessary strengthening of the
structure was  investigated; and (4] work  activities
schedubed.

wWere

Resisting Force

The layers of the foundation were as follows (from botlom 1o
lap).

I, Foundation material: A compacted natural sand, 8% mdi-
fied (AASHTO T- 15090},

Leveling mal. The structure has a 7-cm-thick lean concrete
leveling mat that was placed on the compacted sand. This
concrele had o design sirength of 200 M Pa.

i Biluminous seal coal. A brushed-on 6 mm seal of hituminows

[

miterial (chemifren) had been applied o the wp of the lev-
eling mat.

4. Briluminous sheeis. & layer of 3-mm-hick bituminowus mate-
rial separated the seal coat from the rafl foundation slib.

5. Raft foundation slab. A 45-cmethick concrete slab having top
andd botiom mats of welded wire fabric reinforcement. The
reinfircing wire was 12 mm in diameter, spaced 10 em cen-
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ter o center. The desipn strength of the concrete was 30
MPu. This was the structure’s primary foundation glement.

Because the foundation system was composed of muliple Lay-
ers, calculations and theoretic analysis were ool deemed adequate
for defining the Iriction forces or predicting the slkling perfor-
mance. Therelore o determine the driving Force required o slide
the structure, the contractor contacted the Technion®s (lsmel Insti-
tute of Technalogy | Building and Infrastructure Testing Labora-
ftory and a besting program was agreed wpon and conducted. Using
soil sumpling obtumed from the building’s foundation. measune-
mends were made of dry density and moisture content. Addition
ally, direct shear tests using the wsual apparatos and direct shear
fests using a double shear box apparatus wene carmed out. The
comnerele raft {design strength of 30 MPa) und the bilumen sheet
were also misdeled. Bitumen sheets were supplied by the contrc-
tor. All of the fesls were carmed ool according to ASTM
standarls.

The dry density and moisiure contenl were measured a4 the
sile using a nuclear gauge {Standards Institution of Ismel 1997
The bests were conducked a2l three different points around the
huilding. The consoliduted drained direct shear tests on coms
pucted sand samples were conducted 1o obtain a value for the

anghe of intermal friction lip) of the nd. Test specimens were of

633 cm diumeter by 2.54 em height.

Twar sets of direct shear lests were performed using doable
shear box apparatus. The mstrument consisted of three cells. lis
dimensions are 30 cm (length), 3 cm (width), amd 7.5 cm
{height). The tests were done in order o obtain the vilue of fric-
tion (resistance (o shear) between the sand and lean concrete and
hetween the concrete mft and the bitumen sheets.

In the Arst sel of shear bests sund material was compacted in
the upper and lower cells, while the conerete plate was inserted in
the micldle cell of the mstrument. In the second sel of the lests,
hilumen sheets were inserted in the upper and lower cells, and
concrele plate—in the middle cell.

From the laboratory resulls, it was concluded that the harizon-
tul force reguired for pushing the 4.800-10n structure would be
something greater then 2000 kM. The laboratory nesults ind-
caled that the movement of the building would ke place be-
tween the bottom of the 45.cme-rufi foundation slab and the kean
concrele leveling mat. The bituminaus layers, placed between the
foundation slab and the lean conerete leveling mat, would provide
a “relatively smooth”™ surfuce upon which the building would
slide.

It was realized, however, that for the fimst push it would be
necessury b overcome the static fmctional Forces caused by the
interlocking irregularities of the foundation slab and the lean con.
crele slab but the coeflicient of static friction defies precise pre-
diction. [t was expected that the foundation slab confermed (o any
roughness or even possibly indernal areas having a slight slope
that securmed in the supporting lean concrete slab and these would
comtribule Lo static frcbon,

Therefore, after studyving the lubortory findings and consult-
ing with the Dutch firm, it was decided 1o use six hydraalic jacks.
Each jack was rated at o muximum force of 7,006 kN. The paten-
tial propelling force of the six jucks used concurrently was 42,0000
EN or 150% (420000280000 of the minimum propelling force
imicated by the lubortory experiments.

The next issue was delermining the most approgriate manner
of positioning the jacks along the sastern face of the building.
This wus when the cosperation of the structural engineer came
indo play. Literully working day and night he analyzed the effect
af juck plucement schemes on the structure. Five different
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schemes {pluns) were passed buck and forth by email between the
contractar and the Dutch firm. T the comractor’s advantage was
the fact that the building had been designed 0 a very strict earth-
quake oode.

Twar ulternatives were identified for further examination {Figs.
2 and 3). The cross hatched areas in Figs, 2 and 3 indicate new
concrele additions e the afll foundation that were (o be casd W
strengthen the struclure. These two altermatives were identical in
terms ol the force disiribution relative W the stracture™s center of
pravity: Allemative 11 (Fig. 3), however, required less strengthen-
ing of the stmucture, and was therefore chasen.

Feactlon System

Haring addressed the question of force application, the contrmcior
with the help of the siructural and pesdechnical engineers ap-
proached the problem of haw 1o absorh the reaction forces. It was
crucial [ disiribute these forces in o manmer that woukl prevent
them from causing damage te the area surrsunding the structure
andl particulady to u nearby sineel with bursed wtilities which wene
anly B m from the building.

The decision was made (0 construct a reinforced-concrete re-
taining wall on the eastern face of the site (Fig. 4). The structural
engineer continued 10 do veoman service, with no additional com-
pensuficn. by developing the necessary construction drowing s
wirk could proceed. These were not nice clean plan shests but
what he provided the contractor (Figs. 4 and 5) contained he
infarmation reguired for the reaction syslem o be construcled
within the scheduled time frame. This wall would receive and
distribute the resctisn force from the jucks, The retaining wall
was @ system of 29 wvertical piers each 90 cmin diameter and
12 m in length {Fig. 5k

Each pier was designed to absorb a2 maximum load of 2,000
kM. The piers wene connecbed at their tops and at the mft foun-
dation level by horizonlal concrete beams. The lower beam, cast
al the raft level, served as a bumper onio which the jacks wene
attachesl. The design strength for the concrete in the piers and the
upper beam wax 30 MPa. The concrele in the foundation level
heam had 40 MPa design strength, The upper beam servesd two
purposes: |1} o te the piers together, and (2) W provide the
necesary downwand force |weight) 1o the wall.

Strengthening the Structure

[t wis mecessary (o execute several stmuctural adjustments 1o the
structure s thal the propelling forces from the jucks could act
throwgh the raft foundation without cavsing damage 1o the build-
ing. After consultation with the siructural engineer, it was decided
to cust complementary additions o the rafl foundation so thal it
wirikl have a trapezoid shape (Fig. 4).

A [D-cm-thick leveling mat 190 cm in width was consirucled
acrass the full 35 m of the wesd side of the buikling 1o provide a
continuous sliding surfuce during the push (2s noled in Fig. 7.
activity 10, “Casting a slab under the pergsla”™).

Scheduls

The time necessary for shipping the equipment to Isnel and plac-
ing it on site was fixed. There was nothing that the contmcior
could do b accelerate this time duration. Therefore, it was de-
citlesl that this transport lix duratisn woukl be the critical path for
all of the onesite activities that had o be accomplished before
jacking coukl proceed (Fig. 7). While the equipment was being
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Fig. 2. Alvernotive | pesitboning of bydraulic jecks

prepared in The Netherlands and sent o Israel by ship, as seen on

the schedule (Fig. 7k the following oo-site activides were

cimpleted:

=  Drilling and casting the retaming wall piers on the castern side
of the building.

=  Constructing the upper concrefe beam,

= Excavating., after the uvpper beum had goimed sufficient
strength, the area between the retaining wall and the building
on the eastern side of the site.

= Construction of the lower beam and casting of concrele be-
tween the piers in ander b prevend the expossd soil, between
the piers, from collapsing.

= Excavating material from the south, west, and north skdes of

the building, to create a space for the building's mavemenit.

= Cutting and clearing the din umder a wall bordering an ouldoor
pergola, which was originally bailt lower than the plinned
sliding surface.

= Casting slditions o the raft foundatien.

= Casting a slab under the pergola and exiension of the leveling
mil on the west side of the building.
The time from the end of concrele placement o the acal

moving of the building was twae weeks (see Fig. 7). This provided
the required time duration for the new concrebe fo gain the nec-
exsary strengih.

Execution of the Move

The equipment from The MNetherlands arrived on site, accompa-
nigd by a technician and an engineer from the firm, After unload-
ing and inspection of the equipment, a mobile crane was brought
I the site. and within one workday, the jacks were set in place
|Fig. B}, The jacks were mounted anto the raft foundation slab s
they mavved with the building and dil not have o be handled
during the pushing operativn. The decision on bow (o maount the
jacks for such operstions reguires cureful considerstion for 1he
logistics. of handling the jacks and a thoughtful analysis of bow 1o
conduct the operation in a safe manner (see Fion and David
2004,

Tiv monitar the building for cracking the Japanese sent their
awn team of building inspectors from Japan. This team glued thin
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Fig. 3. Alternative U pasitioniag of hydrulic jacks

strips of paper across the meeting edges of walls, ceilings and
walls, and floors and walls to detect any displacements of the
structural frame duning the move.

A critical requirement for achieving success was that the six
jucks of the jucking system all worked as a single-force-
generating unit. This was accomplished by the use of a comput-
erized control unit. This coatrol unit regulated the force appled
by the individual jacks. The contrel unit also permitted the ma.
nipulation of the direction and the velocity of the building’s
movement. The contructor had 4 surveyor to continually check
clevation and horizontal position as the jucking progressed.

The plan was that the jacking woukl be carried out in four
stages with the building moving approximately 50 cm with each
push. The stroke (piston length) of the jacks prescribed the push
distance that could be accomplished at one time. After each stage,
the jucks were chosed back to their original length. This stage
process permitted corrective steering of the building.

Required Force

At 5 a.m.. alter a final inspection of the jacks and the application
of vil to the new leveling concrete on the west side, the pushing
operation began. Though the effect of static friction had been
consilered when the decision was made conceming total jucking
force necessary (this was why the jacks had the capability to
develop 42000 kNJ, to the concern of all the structure did not
move as the applied jacking force steadily increased past first
30.000 kN amd then 35,000 kN. The jacking force had to be
increased to nearly 40,000 kN before initial motion of the build-
ing was achieved. Once mation began, the required jacking force
dropped to about 25,000 kN, 3,000 kN below the laboratory pre-
dicted value. At the beginning of each push there was again the
necessity to overcome static friction but never again was a force
approaching 40.000 kN required.

The actual jacking time for each push was 20 min. As the jacks
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Fig. 4. Design skewch sysiem of reinforced concrete piers

marved with the structure the gup that opened between the piers
and the jacks with euch puch was flled with timber beams. The
bheech wood beams were 10 em by 10 cm and cut in | meler
lengths specially prepared for this purpose {Fig. %)

Problem

With the first push the foundation slab of the buikling moved
forward onte the new 10 cm leveling mat. However, us the push
continued, something unexpected happened: the oiled leveling
mal addition, which was construcied o akl the sliding of the
building slab, was shoved forward like a plate. It appeared that
the leveling mat began to act as a bludde pushing a wave of foun-
dation soil shead of itsell and together the leveling mal and build-
ing slab began to ride up on this wedge of soil. At the emd of the
lirst push the surveyor confirmed the beading edge of the building
shab was approximately 2.5 em high. The decision was immidi-
alely made o jack hammer and remove the 10 cm leveling mat, A
lubor crew wus assembled 1o 1ackle this work while a second crew
worked at installing the mecessary timber cribbing between the
lower beam of the reaction wall and the now retructed jacks,

The cribbing crew installed the Ave allernating layers [one
veriicul then one horizontal] of cribbing in abowat 1.5 ho In this
sume lime period the labor crew remaved all of the leveling con-
crebe that was in front of the foundation slab and leveled the area.
Once thew: activities were completed the second push began.
When the jacks reached the emd of this 50 cm push the surveyor
confirmed that the leading edge of the foundation slab had come
hack almast 1o the proper elevation.

Verification

Apain there was a 1.5 b stop to close the jocks and install addi-
tional cribbing. ARer the third push wis completed the foundation
was once more level and resting at the proper elevation, After 8 h
the fourth push had been completed and the bailding moved the
required 190 em west. To conlirm that the building was properly
positioned, a fina] srvey was performed. Afer reviewing the
survey results Wy werify that there were no vertscal or horizonial
deviations and after the Japanese team verified thal there was no
stmactural damage. success wis announced.

The next day the jucking equipment was packed and shipped
back o The Nethedands, and the linishing work on the building
resumed,

Succesful Project

The wark of actually constructing the building had been delayed
three months by this positioning problem. The firsi moath of the
delay was spent recovering from shock, seeking authority o re-
quest a permil variance, and developing proposals o modify the
simacture. Meither the vamance nor the modifcation idea was ac-
ceplable o the owner. Therefone a secomd moath was spent de-
veloping a process for moving the building. Onee the jacking
methad was deckled upon, a third momth was required for ship-
ping the equipment from The Metherlands and completing the
construction of the force nesiding wall amd structural strengthens
ing of the building.
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Fig. 5. Design sketch of retainiang-wall pier
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Fig. 6. Casting additions to raft foundation

ac

In spite of this delay the contructor completed the project ooe

month ahead of schedule andd the residence (Fig. 10) was then

cepted by the owner.

Conclusion

The repositioning of the building was a dificult undertaking. Suc-

e

5% was the product of several factors:

Fulfilling the client’s needs: The contractor wisely decided that
when the problem was first discovered the most appropriate
action was to concentrate on finding the solution that would
best serve the client. The chient wanted the building positioned
precisely according to the original plans and that was exactly
what was delivered.
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Fig. 7. Schedule of moving operations
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Fig. 10. Completed building

Fig. 8. Placement of hydraulic jacks

Fig. 9. Push in progress and timber cribbing being used

* Gathering knowledge: The contractor recognized his limita
tions in relation to moving heavy structures and therefore
launched an Internet site 1o seek solutions to the problem. The
Internet site allowed the contractor to gather vital information
from professionals around the globe very quickly,

*  Analyzing engineering parameters: The contractor sought to
reduce risk and recuce uncertainty during the planning stage of
the operation. To do this expert engineesing support was
saought from experts it a research Iaboratory. A structural
model was used to venly analytical calculations. Based on the
modeling and the calculations the constructor reduced the risk
by properdy protecting the structure and its surroundings.

* Selecting committed partner: The persons involved in this op
eration demonstrated full commitment to the project—a factor
that proved vital for achieving project success. Even when one
specialist ventured a pessimistic opinion, the team continued
to seek solutions. The selected partner stated that failure was
nod an option, and accepted the project risk.

* Detailed plunning: A proper level of detailed plunning was
required to make the operation successful. This included such
items as the appropriate jacking system and reaction absorp-
ton system, site logistics, and equipment handling, and the
construction schedule for this operation. Everything had to be
planned n detail to ensure success, which was accomplished
in this effort.
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betoH Ba TGMH}’)-6€TOH TCXHOJIOTUAIapH

V1. MYCTAKWJI TABJIUM MAB3YJIAPU

Mycrakun um xapa€Huja TUHTJIOBUMIAP MOAYJIra JOUp anabuérnap, yciayoui
Ky/IaHManap OMIaH TaHWIIAAWIAp. YKUTYBUM TOMOHMIAH OEpHITaH MaB3y Oyiimua
TOMIIUPUKHU  MYCTaKwi  Oaxapaaunap. YJIapHHM MycTakua wum  cudaruia
pacMMMIAIITUPUO TapMOK MapKa3ura Toniuupaauiap. byHaaH Tamkapu, mabpysa
MalIFyJI0TIapy MaTepuajulapu xamja Kymumya anabuérnap Oyinmya Tai€pnanu0d
pPEUTHHT OayutapuHu TYTUIAlIMIIap.

MycTrakuia TabJauM MaB3yJapu:

1. beron Ba TeMUpOETOH TEXHOIOTUSACH]IA PECYPC TEKAMKOP TEXHOJIOTUsLIIAP.

2. OnnuHaaH 3ypUKTUPHITaH TeMUPOETOHIaH (OiIaTaHNuIl HCTUKOOIH.

3. KypyK nccUK UKJIUM IIapouTHIa OSTOHHHU MapBapUIll KUITUIII.

4. Enarwi Ba orup O€TOHJIap TapKUOWHU XUCOOJIaII.

5. OnauHAaH  3YpUKTUPWITaH  KOHCTPYKLUMSHMHI  Typura Kapa®  aHKep
MOCJIaMAaCHHH TaHJIAII.

6. beronnu 6y3macian MycTaxKaMJIUTUHU aHUKJTAILL.

7. KoHCTpYKIMAHM Tall€piialll yCyJIMHU TaHJIall Ba aCOCJAIIl.

8. Maxcynot Taiiépialii TeXHOJIOTUK KapaéHUHM TaIlIKUI STHUII.

9. Onpuupan 3YpPUKTUPWITAH KOHCTPYKIMSUIAD YYYH €HTHJI O€TOH TapKUOWHH
XHcoOalll.

10. OnauHnaH 3ypUKTHPUITAH TEMUP-O0ETOH KOHCTPYKIMSIIAD HOMEHKIIATYPacH.
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VII. TJIOCCAPUN

Tepmun

V36eK THIMIAr’ mapxu

Nnraums TWIRAArA Iapxu

Aemobemonkopzuu

1accucura OETOHKOpruy
VpHatuiran 6eToH Tai€pnai Ba
YHHM JKOMJIAII )KOMUTa TALlHNII,
ITYHUHTJIEK O€TOH 3aBOUIaH
UCTebMOYUTa Tall€p OETOHHU
€TKa3uO OepyBUYH aBTOMOOMIIb.

A concrete mixer (also commonly
called a cement mixer) is a device that
homogeneously combines cement,
aggregate such as sand or gravel, and
water to form concrete. A typical
concrete mixer uses a revolving drum to
mix the components. For smaller volume
works portable concrete mixers are often
used so that the concrete can be made at
the construction site, giving the workers
ample time to use the concrete before it
hardens. An alternative to a machine is
mixing concrete by hand. This is usually
done in a wheelbarrow; however, several
companies have recently begun to sell
modified tarps for this purpose.

Aemoknae

(¢ppany. autoclave, epex. autos —
y3u, 1om. clavis - kanum) —
I0OKOpH OOCUM OCTH[IA
(>kapa&HiapHU TE3JIUTUHU
OLLIUPHUII YUYH) KU3IUPHO
¢$u3nKaBU-KUMEBUI
)Kapa&HIIapHU amajra OIIHPHIIL
YUyH TE€PMETHK EMUK armapaT

/An autoclave is a pressure chamber used
to carry out industrial processes
requiring elevated temperature and
pressure different from ambient air
pressure.

Aemoxnae
Mamepuannapu

— CHJIMKAT OOFIoBYMIAp (0XaK,
[IEMEHT Ba YJIAPHUHT
apanamnimanapu) Ba aHOPTaHUK
Tynaupruaiap (acocaH Ky,
IJIAK Ba KYJI) aCOCHIATH
IOKOpHXapopar Ba 00CUM
TabCUPUIA KOTATUTAH KYPUITUIII
Martepuauiapy Ba OyroMiapH.
Taii€piamr BaKkTH1a TYWHUHTaH
Oyr Owian Oyriad, 8-16 coar
JTABOMU/Ia UCCUK-HAM HIILJIOBH
oepwianu. by marepuannapra
CWJIMKAT FUIIT, CEPFOaK
OeToHJIap MUCOJI OYJ1a OJIajIu.

Silicate binding (lime, cement, and their
compounds) and inorganic fillers (sand,
slag and ash) on yuqoriharorat the
influence of pressure and hardening of
building materials and products. Steam
cooking with saturated steam at the time
of 8-16 hours in a hot-wet processing.
This material silicate bricks, concrete
serg'oak example.

Aiinanma neun

ETUK HMIMHAP MAKIUIArH
(TymMasoK) caHOAT IEYH.
Aiinanma neys Oyiinama YKu
atpoduma aitnanaau Eku
teOpanaau. MetainapHu
CYIOKJIAHTHPHIII, MAaTepUAIUTAPHH

A rotary kiln is a pyroprocessing device
used to raise materials to a high
temperature (calcination) in a continuous
process. Materials produced using rotary
Kilns include:

94


https://en.wikipedia.org/wiki/Cement
https://en.wikipedia.org/wiki/Construction_aggregate
https://en.wikipedia.org/wiki/Water
https://en.wikipedia.org/wiki/Concrete
https://en.wikipedia.org/wiki/Tarpaulin
https://en.wikipedia.org/wiki/Pyroprocessing
https://en.wikipedia.org/wiki/Calcination

betoH Ba TeMHp-6€TOH TCXHOJIOTUAIapH

KYpUTHIII, OoNFamam EKu
IITAMITIAN YIYH METAJIT XOM
alI€HN KU3IUPHIL, METAIUT
Oyromitapra UCCUKJIUK UILTOBU
OepHuill, IEMEHT MUIIKUPUILI Ba 0.
Makcajyiap yayH MyJDKaJIaHTaH.
[leynunr aitnanu® TypuIIH
HaTHKACHAa UCCUKIIUK OUp
TEKHUC TaKCUMJIaHAIU, IITYHHHT
Y9yH IEYHUHT UYKH KOTIaMacH
Y30KKa unganau. Aiianma neyja
Matepuan €k Oyromiap
SHUIFUHUHT EHUIIT
MaxcCyJ0TJIapH, JICKTP TOKU EKU
IEeKTp €N OUNaH KU3TUPHUIAIH.
KypuTui Ba HCCUKITUK HIIIJIOBH
Oepuill (TEepMHK HIILIAII)AA
MaTepHua MeYHUHT OUp
OOITNTaH KHPUTHIINO, HKKUHYH
OoIMIaH YMKaApUIaan; OyHIau
newiap y31yKCH3 HIILIamin
MYMKHH.

o« Cement

e Lime

o Refractories

o Metakaolin

e Titanium dioxide
e Alumina

o Vermiculite

e lron ore pellets

(J1oT. armatura — KypoJi-sipoF,
YCKYHa, )KHX03)— Oy neTan xku
yCKyHajap WuFuMu 0yuo,
MalllMHa, KOHCTPYKLMS KU
WHIIOOTHHUHT aCOCUN KUCMH

Armature, rebar Rebar (short
for reinforcing bar), also known
as reinforcing steel, reinforcement
steel,[! is a steel bar or mesh of steel
wires used as a tension device

Apmamypa o . . in reinforced concrete and
OynmMaii TypuO, yIapHUHT TYFpU .
reinforced masonry structures to
WIUTAIIMHA TAbMUHIA0 Oepau. .
Temnp-6eTora apmaTypazian streng_then and hold the co_ncrete in
COHCT S SFYUTHLICA XL tension. Rebar's surface is often
Hmﬂa&yiu H dofinananumam patterned to form a better bond with the
Yy A A concrete.
Apmamypa apmMaTtypa CTCpKCHJIapuaaH . -
P VP pMaTyp p pHA reinforcing cage
Kapkacu sAcaJiraH Kapkac.
Marepuai €Ki KOHCTPYKIUSHU
0OIIIKa MyCTaxKamMpo .
Apmamypanaw Ka MyeTaxKampox Reinforcement
MaTepHuauiap OuinaH
KYYWIaHTHPHUILL.
TapaHrJIalmTUpuIagural
Apmamypanu apMaTypaHUHI' Y3YHJIIMT'H §5 .
pyuamyp pMatyp y3yi yH rebar reinforcement zone

aHKepiaut 30Hacu

MaxKamulall y9yH eTapiau OyiraH
OXHMPHTH Y4JIapy 30HACH.

beaum

WKKY KAJIBITUHINA CHJITMKATIAr
TYpPJIM JIEMEHTIIAP KAaTTUK
SPUTMAIAPUHUHT
YMYMJIAIUTUPUITAH HOMH.
[TopTnanaueMeHT KIMHKEPUHUHT
WKKUHYHU aCOCHI

Belite is an industrial mineral important
in Portland cement manufacture. Its
main constituent is dicalcium silicate,
Ca2Si0g4, sometimes formulated as 2
CaO - SiO2 (C2S in cement chemist
notation).
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MUHepaJIapuaad OUpUaup -
2Ca0-Si07 (C2S). Y anutnan
nacTiaaOKu KyHJiap/a CeKHH
KOTHUIIK OwiaH (papkiraHaam.
YHUHT aCOCUI MYCTaXKaMJIUTU
Oup ¥ atpoduaa TYIaHaIH.
By MmycTraxkaMiIuK amTuTHHHT
MYyCTaxKaMJIUTUTa SIKUH.

bemon

MabJIyM MUKAOpAA Yirdad
OJIMHTaH OOFJIOBUM MOJIZIA,
MaiiJla Ba WMpUK TYJIIUPFUYIIap
Ba CYB apajanMacuaH TalIKuI
TOITraH KOPUIIIMAHUHT acTa-
CEKMH KOTHILM HaTHXKacuaa
Xxocua OynraH cyHbui Tou. Y
CyB OmJ1aH OOFJIOBUMHH
peaxIusicu HaTHXacuaa
OOFJIOBYM MOJIAHUHT
3appavaiapuaaH, SSHTU XOCHI
Oynran MUHepaJuIap/aH,
TYJIAUpFUYIapiaH, cyB, 0ab3u
BaKTJap/a KYIIMITaH
KYIIUMYaaH, KHPUTUITaH
XaBojaH uoopat Oyiaran
MypaKkad Ky KOMIIOHEHTJIN
CUCTEMA.

Concrete is a composite material
composed of coarse aggregate bonded
together with a fluid cement which
hardens over time. Most concretes used
are lime-based concretes such as
Portland cement concrete or concretes
made with other hydraulic cements, such
as ciment fondu. However, road surfaces
are also a type of concrete, asphalt
concrete, where the cement material is
bitumen, and polymer concretes are
sometimes used where the cementing
material is a polymer.

Bemon 3ae600u

Oup €xu OMp HEeYa KypHITUIIT
MailoHIapura Xu3mMat KHiyBuu
Ba 0E€TOH KOpHIIMACH EKU KYPYK
0ETOH KOpPUIIMACHHU Tal&pial
YUyH BaKTUHYAIHK EKH JOUMUIMA

KOpXOHa.

A concrete plant, also known as a batch
plant or batching plant or a concrete
batching plant, is a device that combines
various ingredients to form concrete.
Some of these inputs include sand,
water,aggregate (rocks, gravel, etc.), fly
ash, potash, and cement. There are two
types of concrete plants: Dry mix plants
and Wet mix plants. A concrete plant can
have a variety of parts and accessories,
including:mixers (either tilt-up or
horizontal or in some cases both),
cement batchers, aggregate batchers,
conveyors, radial stackers, aggregate
bins, cement bins, heaters, chillers,
cement silos, batch plant controls, and
dust collectors (to minimize
environmental pollution).

bemon nacocu

SIHTY Tai€pianrad OeToH

KOPHIIIMACHHU KyBYpJIap OpKaIu
ETKHU3UII J)KOMUTa eTKa3ub Oepui

YUYH IUTyHKepJd (TIOPILEHIIH)
HAaCcOC/IU MallvHa.

A concrete pump is a machine used for
transferring liquid concrete by pumping.
There are two types of concrete pumps.
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T'uopasnuk
002n1064U
Moooanap

XaM XaBoJa XaM CyBJa KOTHO ¥3
MYCTaXKaMJIMTHHH XaBOJa XaM
cyBla XxaMm (CyBJia SIXILIHUPOK)
omupud Gopaam.

Hydraulic cements (e.g., Portland
cement) set and become adhesive due to
a chemical reaction between the dry
ingredients and water. The chemical
reaction results in mineral hydrates that
are not very water-soluble and so are
quite durable in water and safe from
chemical attack. This allows setting in
wet condition or underwater and further
protects the hardened material from
chemical attack. The chemical process
for hydraulic cement found by ancient
Romans used volcanic ash (activated
aluminium silicateslcitation neededl) \yjth
lime (calcium oxide).

Tuopamavusa

MUHepas OOFIOBUMHHUHT, MUCOJ
yYyH [IEMEHTHUHT CyB OHJIaH
y3apo TabCUPUHUHT LIEMEHT
TOLIMHUHT XOCHJI OYITHIIH
JKapaEHUuaup.

e Hydration Mineral hydration, an
inorganic chemical reaction where
water is added to the crystal
structure of a mineral

I'panynomempusn
(Oonaodopnuk
mapkuou)

TYJIAUPrUd JOHAJTAPUHHUHT
AMPHUKIUTH Ba YHIATH
anoxuuaru Gppakmusiap
MHKJIOPHUHHA XHCOOTa OJyBYH
XYyCYCHAT.

Granulometry is the measurement of the
size distribution in a collection of grains.

Jonaoop oomna
wnazu

METAJITyprysi CAHOATUHUHT
YUKUHIUCUINP. MeTaut onnmaa
JIOMHa KO30HU CUPTHUTa
KYTapwiIraH SpUTMaHU Te3
cypbaT/aa COBYTHO HUPHUK KyM
CHUHI'apH FOBAaK JOHaJIapaaH
tamkui Tonrad (5-10 Mm) nutak
OJINHAJM.

Ground-granulated blast-furnace
slag (GGBS or GGBFS) is obtained by
qguenching molten iron slag (a by-
product of iron and steel-making) from a
blast furnace in water or steam, to
produce a glassy, granular product that is
then dried and ground into a fine
powder.

Huzma memup-
boemon

3aBOJ1a Tal€piIaHraH TEMUP-
OETOH KOHCTPYKLHUSIAP.

Precast concrete is a construction
product produced by casting concrete in
a reusable mold or "form™ which is then

cured in a controlled environment,
transported to the construction site and

lifted into place. In contrast,standard
concrete is poured into site-specific
forms and cured on site. Precast stone is
distinguished from precast concrete by
using a fine aggregate in the mixture, so
the final product approaches the
appearance of naturally occurring rock
or stone.

Hupux mynoupzuy

iaraji TOII Ba YaKHMK TOIII.

Coarse aggregate
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Kepam3zum

KYTI FOBaKJIM, MyCTaxKam, CHI U
roBak Tynauprud. Kepamsur
onuIIa XoM amé€ cudaruga

tapkubuna 6-12% temup okcuau

(1-3% opranuk apanammaap)
OynraH eHI'WJ1 SpyBYaH JIOK
nnuratTuwiaaau. HaMm éxu HuM

KypPYK ycyiaa Tai€piaHrat Jou

1100-1300°C ma xymmonmaa 30-

60 MUHYTIA TUITUPUITAIH.
[Inmmpura xapaéHuaa jgoigaru
OpraHUK apajammaiap Kyinuo,
KOMIIOHEHTJIAp ypTacuaa

OKCHIJIAaHUII OOIIlTaHa U Ba Ta3

axpaina Oonutaiiau. Hatmxana

JIOM KYIIYMUAIA Ba YHIa FOBAKJIAp

xocun Oymamu.

Lightweight expanded clay aggregate
(LECA) or expanded clay (exclay) is a
light weight aggregate made by heating

clay to around 1,200C (2,190F) in a
rotary kiln. The yielding gases expand
the clay by thousands of small bubbles

forming during heating producing a

honeycomb structure. LECA has an
approximately round or potato shape due
to circular movement in the kiln, and is
available in different sizes and densities.

LECA is used to make lightweight

concrete products and other uses.

Knunxep

aCcOCaH KaJblUl CUIIUKATIIAPH,
JIIOMUHATIIApU Ba
amroMo(eppUTIapUIaH TAITKHIT
TOITaH, XOM all€HN TUIIUPUO
OJIMHT'aH, NOPTIAaHAUCMCHT
uiad YMKapuIl yayH
¢oiifanaHuIaIural Maxcysor.

In the manufacture of Portland cement,
clinker occurs as lumps or nodules,
usually 3 millimetres (0.12 in) to 25

millimetres (0.98 in) in diameter,
produced by sintering (fused together
without melting to the point of
liquefaction) limestone and alumino-
silicate materials such as clay during
the cement kiln stage.

Koncmpykuyus

1. MTHIIOOTHHHT aBBaJIIaH
Tan€praHaurad Ba
MYpaKkaOpoK OyTyH (HMHILIOOT)
TapkuOua OyIyBUM *Koiura
Tamu6 oaub GopuIaauraH
KHCMHU. 2. UHIIOOTHUHT ¥3apo
OOfJIaHraH MOJINN KUCMIIApUHU
(neBop, ycTyH, wudT, rymoas
kabu) ndoaanoBun Kuxat

Construction is the process of
constructing a building or infrastructure.
Construction differs from manufacturing
in that manufacturing typically involves
mass production of similar items without
a designated purchaser, while
construction typically takes place on
location for a known client. Construction
as an industry comprises six to nine
percent of the gross domestic product of
developed countries. Construction starts
with planning, [citation needed] degjgn and

financing and continues until the project
is built and ready for use

Muxkpcmpykmypa

MHKPOCKOII OPKaJIu
KaTTaJallTUPUITaHa Ky3ra
KYpPUHYBUYH CTPYKTypara
alTHIaIH.

Microstructure is the small scale
structure of a material, defined as the
structure of a prepared surface of
material as revealed by a microscope
above 25x magnification.[! The
microstructure of a material (such as
metals,polymers,
ceramics or composites) can strongly
influence physical properties such as

strength, toughness, ductility, hardness,
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t

called nanostructure, while the structure

corrosion resistance, high/low
emperature behavior or wear resistance.
These properties in turn govern the
application of these materials in
industrial practice. Microstructure at
scales smaller than can be viewed
with optical microscopes is often

in which individual atoms are arranged
is known as crystal structure. The
nanostructure of biological specimens is
referred to as ultrastructure.

Onounoan
3YPUKMUPUTIZAH
memup-oemon

MaxCyJIOTHHU Talépram BaKTUIa
apMmartypaja €Ki yHHHT MabIyM
KHCMUJIa XUCOO-KUTOOIAp
acocHJa apMaTypaHH TapaHIiad
nacTiaaOKy 4y3yBUd
3YPUKHUILUIAPHU XOCHIT KWIINO,
0eToH/1a €KM YHUHT MabJIyM
KUCMH/Ia CUKWIIUIITHHI XOCHIT
KO TaliépraHrad TeMUp-
0eTOH KOHCTPYKIMsLIapH,
3IIEMEHTIIapU Ba OyIOMIapUAMD.

Prestressed concrete is a method for
overcoming concrete's natural weakness
in tension. It can be used to
produce beams, floors or bridges with a
longer span than is practical with
ordinary reinforced concrete. It is often
used in commercial and residential
construction as a foundation slab.
Prestressing tendons (generally of
high tensile strength steel cable or rods)
are used to provide a clamping load
which produces a compressive stress that|
balances the tensile stress that the
concrete compression member would
otherwise experience due to a bending
load. Traditional reinforced concrete is
based on the use of steel reinforcement
bars, rebars, inside pouredconcrete.
Prestressing can be accomplished in
three ways: pre-tensioned concrete, and
bonded or unbonded post-tensioned
concrete.

Ozup 6emon

3U4 TYJIAMpYBUMIapJaH (Maiaa
Ba inpuk) Qoitnananud
Tal€paHras - HUPUK JOHAIN
¢k (akat mMaiiga

TYIaupyBuUKaH GoiinaaaHuo

Tal€praHarat - Maija 3appaiu,
1800 nau T0 2500 Kr/™3

3UYIIMKKA 3Ta OyiraH 314

CTPYKTypaiau OETOH.

Heavyweight concrete uses heavy
natural aggregates such as barites or
magnetite or manufactured aggregates
such as iron or lead shot. The main land-
based application is for radiation
shielding (medical or nuclear). Offshore,

heavyweight concrete is used for
ballasting for pipelines and similar

structures.

ITnacmurxnoeuu
Kywiumuanap

JKyJla 03 MUKIOp/Aa KyIIVIIMILINTA
Kapamaii mactajiapHUHT
XapakaTIaHyBYaHIUTH

(OKyBUYaHJIH, SIXIIH
YKOWUJIAITyBYaHJIUTH )HU
OLIMPYBYM KYLIMMYanap.

Plasticizers (UK: plasticisers)

or dispersants are additives that increase

the plasticity or fluidity of a material.

The dominant applications are for
plastics, especially polyvinyl

chloride (PVC). The properties of other

materials are also improved when
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blended with plasticizers including
concrete, clays, and related products.
According to 2014 data, the total global
market for plasticizers was 8.4 million
metric tonnes

Iopmaanouemenm

MOPTIAHALEMEHT KIIMHKEPH Ba
TUIICHU OMpraivkaa MauH
TyWHII HATHXKAacUAA OJIMHIaH

KYKYHCHMOH MaTepHaJra

aiitunagu. Tyiium maituaa daon

MUHEpaJ KymnMya €Ki OoIIKa
KYLIUMYJIAp KYIIHIUIIA

MYMKHH.

Portland cement is the most common
type of cement in general use around the
world, used as a basic ingredient
of concrete, mortar, stucco, and most
non-speciality grout. It was developed
from other types of hydraulic limein
England in the mid 19th century and
usually originates from limestone. It is a
fine powder produced by heating
materials in a kiln to form what is
called clinker, grinding the clinker, and
adding small amounts of other materials.
Several types of Portland cement are
available with the most common being
called ordinary Portland cement (OPC)
which is grey in color, but a white
Portland cement is also available.

Ilopmaanuyemenm
KIUuHKepu

(30...25 %) runtynpox Ba
(75...80 %) oxaxrou €xu
TaOUUK MEpPresHd KU3aupuo
OMPUKTUPUIL HATHXKAcUAa
OJIMHAJIUTaH MaXCyJloT.

portland cement clinker In the
manufacture of Portland
cement, clinker occurs as lumps or
nodules, usually 3 millimetres (0.12 in)
to 25 millimetres (0.98 in) in diameter,
produced by sintering (fused together
without melting to the point of
liquefaction)limestone and alumino-
silicate materials such as clay during
the cement kiln stage.

/1 (cys/uemenm
Hucoamu)

SIHTY Tal€piiaHran OeTOH

apananiMacua CyB MaCCaCUHHHT

IIEMEHT Maccacura HucOaTu
TYLIYHWIAU.

The water—cement ratio is the ratio of

the weight of water to the weight
of cement used in a concrete mix. A

lower ratio leads to higher strength and
durability, but may make the mix
difficult to work with and form.

Workability can be resolved with the use

ofplasticizers or super-plasticizers.

Coeykka
YUOAMIAUTUK

MaTepuaaHu CyBra TYWHHIaH
XOJIM/1a Kyl MapTa KeTMa-KeT
My3J1aTHO Ba SpUTUWITaH/a
Oy3mmb KeTMacaaH Ba
MYCTaXKaMJIUTMHU MYKOTMACIIUK
KOOMJIMSITH Ba MYCTaXKaMJIUTH
25%, maccacu 5% JaH OpTHK
Kamaiimaca, Oy maTepuat
COBYKKa 4uamMiu Jed

Frost Resistance

(of building materials), the ability of buil
ding materials in a wet condition to with
stand many cycles of freezing and thawi
ngwithout disintegrating. The basic caus
e of the disintegration of materials acted
upon by low temperatures is that the wat
erfilling the pores of the material expand
s when it freezes. Frost resistance depen

ds primarily on the structure of the mater

100


https://en.wikipedia.org/wiki/Cement
https://en.wikipedia.org/wiki/Concrete
https://en.wikipedia.org/wiki/Mortar_(masonry)
https://en.wikipedia.org/wiki/Stucco
https://en.wikipedia.org/wiki/Grout
https://en.wikipedia.org/wiki/Hydraulic_lime
https://en.wikipedia.org/wiki/Limestone
https://en.wikipedia.org/wiki/Powder_(substance)
https://en.wikipedia.org/wiki/Clinker_(cement)
https://en.wiktionary.org/wiki/grinding
https://en.wikipedia.org/wiki/Portland_cement
https://en.wikipedia.org/wiki/Portland_cement
https://en.wikipedia.org/wiki/Sintering
https://en.wikipedia.org/wiki/Limestone
https://en.wikipedia.org/wiki/Clay
https://en.wikipedia.org/wiki/Cement_kiln
https://en.wikipedia.org/wiki/Cement
https://en.wikipedia.org/wiki/Concrete
https://en.wikipedia.org/wiki/Plasticizer
https://en.wikipedia.org/wiki/Superplasticizer

betoH Ba TGMH}’)-6€TOH TCXHOJIOTUAIapH

XHUCOOJIaHaIH.

ial:the larger the pores that water can pe
netrate, the lower frost resistance will be.

The concept of frost resistance and meth
ods of testing for it were first proposed i
n 1886 by Professor N. A. Beleliubskii.

The degree of frost resistance is determi
ned on the basis of laboratory tests of sa
mples of the material. The frost resistanc
evalue is the number of cycles of freezin
g and thawing the material can undergo
before losing 25 percent of its initial stre

ngthor 5 percent of its weight.

Cugpam

MabJIyM MaTepHUall EKU MabHABUI
9XTUEKITAPHU KOHAUPHIL
MMKOHMHU OepyBuH (oiiganu
xoccajap MaxMyu. Y
UIIOHWIMJINK, Y30K BaKITa
YU JJAMIIMJIMK, TEKAMITUIIHK,
¢oiinanmuk Ba 6. 1ap Ounan
XapakTepiaaHaIy.

Quality. In manufacturing, a measure of
excellence or a state of
being free from defects, deficiencies and

significant variations. It is brought

about by strict
and consistent commitment to certain
standards that achieve uniformity of
a product in order to satisfy

specific customer or user requirements.

Cmepoicennu
apmamypa

CTEPIKCHJIN TEKHC KU JaBpHUid
npoGUUI IyIaT apMaTypa;
0ab3u X0oJIap/ia TEPMUK HIILUIOB
6epub €xu TopTHO
MYCTaxKaMJIaHTaH.

Rebar (short for reinforcing bar), also
known as reinforcing
steel, reinforcement steel,™ is a steel bar
or mesh of steel wires used as a tension
device in reinforced concrete and
reinforced masonry structures to
strengthen and hold the concrete in
tension. Rebar's surface is often
patterned to form a better bond with the
concrete.

Temupoemon

nyjaaT apMaTtypa Ba OETOHHHU
OUPUKTUPUO OJTMHTAH SIXJIUT
MaxcCyJIOTTa auTHIIaIH.

Reinforced concrete (RC) is a composite
material in which concrete’s relatively
low tensile strength and ductility are
counteracted by the inclusion of
reinforcement having higher tensile
strength and/or ductility. The
reinforcement is usually, though not
necessarily, steel reinforcing bars (rebar)
and is usually embedded passively in the
concrete before the concrete sets.

Texnonocusn

rpek TiimaaH (techne) tapxkuma
KUJITaHJIa CAaHbaT, Maxopar,
OWJIHMII MabHOJAPUHU
WHTJIATaau, Oyimap 3ca y3
HaBOATHA XKapaCHIapaup.
x)apacnnap - Oy KyHuiran

echnology ("science of craft",
from Greek téyvn, techne, "art, skill,
cunning of hand"; and -Aoyio, -logial®l)
is the collection of techniques, skills,
methods and processes used in the
production of goods or servicesor in the
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betoH Ba TCMI/Ip-6€TOH TCXHOJIOTUAIapH

Makca/ra 3pHuIlIx Y9yH MablyM
Xapakariap MaXMyacuIup.

accomplishment of objectives, such as
scientific investigation. Technology can
be the knowledge of techniques,
processes, etc. or it can be embedded in
machines, computers, devices and
factories, which can be operated by
individuals without detailed knowledge
of the workings of such things.
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