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|. UIIIYU JACTYP

Kupum

Numam pmactyp onui Ba ypra Maxcyc TablIHM Myacccacaiaapu IeAaror
KaJpJApHUHI KAcOWM Tal€prapiauru napakaCUHU PUBOKJIAHTHPHIL, YJIAPHHUHT
WIFOpP TMENaroruK TaxpuOalapHU YpraHuluiapd XamJa 3aMOHABUH TabJIUM
TEeXHOJIOTHsUTapuaaH  Qoiinananum  Oyiinya Manaka Ba KYHHKMaJapHHU
TaKOMWJUTAIITHPHUIIHA MaKcaj KAJIau.

Nuryu  pactyp MasmMyHUZa XOpPWXK TabJIUM TaxpuOacu, pUBOXKIAHTaH
JaBiatiapJa TabJIUM TU3UMH Ba YHUHT Y3Ura X0C )KUXaTIapu EpuTHO Oepuiras.

Ymby wumum pactyp OeTtoH Ba TemMupOeToHAaH (oWgamaHuIl KypHJIHII
TEXHOJOTHSUIapU coXacuja KYNTWHa IOTyKjapra SpUIIMII Ba 11y OujaH Oupra
YUlaMiId, NULIMK-TIYXTa, yJIKaH, HOAWpP OWHO Ba HHIIOOTJIApHU Oapmo 3THI
UMKOHUHM Oepmokna. Illynpalt skaH ynapHU acpuMu3 MaTepuaid Jecak
SHIIMIOManMu3. by Typaaru TemMupOeTOHJaH KypWIMIIAAa KEHI KyjJamjaa
doliganaHuil yJIapHU UILIA0 YUKAPUII TEXHOJIOTUsicH OwiaH Oofnuk. OnauHaaH
3YPUKTUPWITaH TEMHPOETOH KOHCTPYKLMSJIAPHHU YJapHHU JOWMXATaHTaH XOJIHJA
KYJI0oJia ycyijia MexaHuk ac000 yckyHanap (TOpPTHUIL JOMKpaTiapu, BUOparopiap
Ba Oomk.) é&paamMuaa Talpiaml - TEXHOJIOTMK YyCKyHalap JIOMUXAacUHU
Tal€piallHl KUUMHIAIITAPAA Ba Oy MexaHu3MmiapJaH (poijanaHuIl camapacu
Kyna nact oynaau. IIlyHuHr y4yH 3aBoj mapouTuja Ta€piam yuyyH gakaTtruHa
KEHT doitnananunaauran OJITUHIAH 3YPUKTUPUITaH TeMUPOETOH
KOHCTPYKUMSJIAPHUHT XWIJIApUHU TaHiaad onuml 3apyp Oynamu. by sca kenrycuaa
KOHCTPYKITUS TypJIapy Ba YIaApHUHT XWIIJIAPUHH OO Oopuiiiura Epaam Oepaiu.

Nuran gacTypHUHT MasMyHM THHIVIOBUMJIapHU “beroH Ba TemMup-0eroH
TeXHOJIOTHSJIAPK MOJYJIHMAArd Ha3apuidl METOJOJOTHMK MyaMMoJap, 4YeT O
Taxpubacu Ba YHUHI Ma3MyHM, TY3WJIHILIH, Y3Ura XOC XYCYCHUSTIIApH, WIFOP
Fosutap Ba Maxcyc (haHyap Joupacujard owimmiIap Xamjaa J1013ap0 MacajiajiapHu
SUUIITHUHT 3aMOHAaBUH yCyJlapy OWJIaH TaHUIITHUPUILIAH HOOpaT.

MoayJJHMHI MaKcaau Ba Basudanapu

“beTOH Ba TeMHP-0€TOH TEXHOJOTMSJIapH”’ MOJYJUHHUHI MAKCAIAU:
[efaror KaapJlapHUu  KauTa Tal€piam  Ba Majllaka  OLIMPUIN  KypCH

TUHIJIOBYMJIAPUHU KYPWIHII MarepuasiapH, Oyromiiapu Ba
KOHCTPYKIUSIJIApUHU UNUTA0 YUKApUIIl COXAacUJard WHHOBAIMsIIapra JOup
OMIIMMITapUHU TAKOMHWJUTAILITUPULL, VHHOBAILIMOH TEXHOJIOTUSUIAPHU

V37aIITUPHIL, KOPUN STUIL, TABJIUM aMalIu€Tuaa KyJulall Ba spaTHil Oyinda
KYHUKMa Ba MajakaJlapuHU TapKuO TONTUPHUIL.
“beTOH Ba TeMHP-0€TOH TEXHOJIOTUSJIAPU” MOAYJIMHUHT Ba3udanapu:



- 0ETOH Ba TeMUP-OETOH TEXHOJOTHUSIAPH COXACHIATH MEBEPUNA XyKKaTiap,
UIUIad YMKApUIl TU3UMUAATd MaBXKyJ MyaMMoJiap Ba JHEpPrusi Ba MaTepuall
UKTHCOJ KUJUII OujiaH OOFJIMK camapaiop TEXHOJIOTHsUIapAard MHHOBAIUSIapHU
Ypranvuira iyHaJITUPUIL;

- TUHTJIOBYMJIapAa OETOH Ba TEMHP-OCTOH MaxCyloTiapH HILIA0 YMKAPHII
COXacuJaru WIFOp TEXHOJOTUsJIapUra JOWp OJITaH SIHTU OWIMMIIApUHU V3
dbannapuHu YKUTHUIA YPUHIA HIIJIATa OJIUII KYHUKMATapUHUA XOCHIJI KUJIHIIIAH
noopar.

Moaya 6yiin4a THHIJIOBYMJIAPHUHT OMJIIMMH, KYHUKMACH, MAJIaKACH Ba
KOMIIeTEHIUSJIAPUTa KyHHJIaJuran rtajgadiaap

“beToH Ba TEMUP-OETOH TEXHOJOTUIIAPK KYPCUHH Y3JIAIITUPHIL XKapaCHUIa
amaJjra oLMpHUIaJurad Macajajaap Joupacuia;

Tunriaouu:

- 0eTOH Ba TEeMUP-OETOH TEXHOJIOTHUSAJIAPU COXACHJard CYHITH IOTYKJap,
MebEpIap TU3UMU;

- KypWIHII MEBEP Ba KOMJATAPUTa KHPUTWITAH y3rapTHPUIILIAP;

- 0OeToH Ba TEeMHp-OETOH TEXHOJOTHMsUIApH coxXacuaard (aHmapHU
VKATUILIAATHA UIFOP XOPHKUM Taxpubanap;

- MaxCyJIOT UIIA0 YMKAPUIIard HTHHOBALUSIap;

- OETOH Ba TeMUP-OETOH TEXHOJIOTUSIIApU COXACUIary 107a3ap0 Macananap;

- MaxcyjnoT uumuiad  4YMKapuIlga DSHEpruss Ba  pecypce
TEXAMKOPJIMTMHU OIIMPUIL YCYJUIApU XaKua OMJIMIIM Kepak.

Tunraouu:

- V36exncTon PecnyOIHKacCHHMHT apXMTEKTypa Ba KypPHIHII
COXacUJaru MebEPUi XyxoKaTiiap TU3UMUJIATH Y3TapUIIUIapHU aMaTueéTra
TaTOMK 3Ta OJIMIIL,

- O0eToH Ba TeMUP-O0ETOH MaxCyJoTJIapu HNUIad YWKAPUIITHU
camapaid TalIKuJl KU,

- O0eTOH Ba TEeMHP-OCTOH MaxCyJoTiapu HWNUIA0 YHMKApHIIIA
3aMOHABHMIl 3HEPrusi Ba pPeCypc TEXKAMKOP TEXHOJOTHSJIApHHU KyJulai
OJTUTII;

- MaxcyJoT TypHu Ba (olganaHuIagural coxacura kapad zapyp
OCTOH TapKUOJIApUHM JIOWUXAJIal OJIMIIL,

- O0eTOH Ba TEeMHP-OETOH MaxcCyjoTiapy HUUIA0 YHMKApHILIA
KUMEBUHM KyIIMMYaapAaH YHyMIH (poiijianaHa oaul;

- WIMHAN agabuérinapaa KEJITUPWITaH 3aMOHAaBUM
MabIYMOTJIApPHA W3J1a0 TOMa OJUIN Ba yJIapHU TaxXJWJd 3Ta OJUII
KYHHUKMAJIApUra 3ra OYJIHUIIN JO3UM.

TuHrI0BYN:



- OETOH Ba TeMUP-0ETOH TEXHOJOTUSJIAPU COXACHIArd XalKapo SPUIIHITaH
I0TYKJIapJiaH (poiiialaHuII Ba WIIFOP TEXHOJOTHIAPHH KOPUI 3Ta OJIMIIL,
- UIIJIa0 YMKapUIagural MaxcyJsioT cudaTiHu 3aMOHaBUK ac000 Ba ycysuiap
€épaamMuia aHUKJIAW OJIUIIL;
- MaxcCyJIOT cu(aTUHU TabMMHJIANI YIYH CaMapaid TEXHOJIOTHK
Kapa€HJapHU TaHJAll Ba TAIIKWJI 3Ta OJIUII MaJiaKajapura sra OyJIHIu

3apyp.



THHIJIOBYM:

- ¥3 dammapuan YKUTHIIIA OETOH Ba TEMHUP-OCTOH TEXHOJIOTHSUIAPU
coxXacuaaru MebEpuil XyXoKaTiaap TH3UMHUAArd, OCTOH Ba TeMHUP-OETOH HIIIA0
YUKApUIIl COXACHUJIard MHHOBALMSIIAPJAH XaMJla UIIFOP XOPMXKUN TakpuOanap/iaH
SHTWIMKIapaaH YpuHiu ¢oiganaHa OJUIN KOMIETEHIUAJApUra sra OVIIuIIM
JIO3HM.

Moay/iHu TANIKWI 3THII Ba YTKA3UII OYHHYA TaBCUSAJIAP

“beTOH Ba TeMHP-0ETOH TEXHOJOTHsIApW MOIYJIMHU YKUTHII >Kapa¢HUaa
KyWuJard WHHOBAIIMOH TabiUM IIAKUIApU Ba  axOOpOT-KOMMYHMKAIUS
TEXHOJIOTHUSIIApU KYJUTAHUIIUIIN Ha3ap1a TyTHIITaH:

- 3aMOHaBUU axO00poT  TEXHOJOTHUSIIApU épmamuga  uHTEpdaoa
Mabpy3aJlapHU TAIIKWI 3THILL

- amMaJuil MalFyJIoTiIap 3aMOHABUN TAbJIUM yCIIyOJIapyu Ba MHHOBAI[MOH
TEXHOJIOTHSJIapra acOCHaHIaH X0JIa YTKa3UIHU Ha3apa TYyTUJIaIu.

Moay/JTHHHT YKYB pe:xajaru 00mKa MoayJiap OujaaH O0FJIMKJINIA Ba
Y3BHIJIUTH

“beToH Ba TEeMHUP-OETOH TEXHOJOTHSIApU MOIYNIH OYyiiMya MalryjaoTiap
VKkyB pexacunarn “Kypunum wmarepuamnapu ympOokuitiuru™, ‘“3amoHaBUN
KypWIHIII MaTepuasiapu Ba KOHCTPYKIUsIapy ~ Ba Oomka 00k (annapu Owiaxn
y3BHi1 OOFJIaHTaH.

Moay/IHMHT 0JIMH TABJIUMIATH YPHU

®aH onui TaBIMM Myaccacalapd TeJaror KaJpJapuHUHT KacOui
Tal€prapiauru JapaxaCuHU PUBOKJIAHTUPUIL, YJIAPHUHT OETOH Ba TEMHUP-OETOH
TEXHOJIOTHSJIapUIa 3aMOHABUN DHEPTHS Ba PECYPC TEKAMKOP TEXHOJOTHSIAp Ba
coxajzaru WHHOBAaLUAIap oyiinua Majaka Ba KYHUKMaJlapUHH
TaKOMWUIAIITUPUINTA KAPATWITAHJIWTA OWjaH axaMusaTiuaup. MoaynnHu
Y3MAMTHPHUIT OPKATu TUHTJIOBUMIAD V3 (daHIapuHH YKUTUIIAA OETOH Ba TEMUD-
OETOH TEXHOJIOTHUSIIAPU COXACHJIard MEHEPHUM XyXoKaTliap TU3UMHAArd, OCTOH Ba
TeMUp-0eToH unIad YUKApWIIl COXACHJAard WHHOBAIMSUIApAAH Xamja WIFOp
XOpWXKUHN TaxkpuOanap/iaH sSHTUIUKIApAAH YpUHIH ¢oiinanaHa OJUIl KPeaTHB Ba
TEXHOJIOTUK KacOMi KOMITETEHTIMKKA 3ra Oynaauiap.
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HA3APUI MAIIFYJOTJAP MABMYHHU

1-maB3y: beron Ba TeMup-0eToH. Ymymmii Mabjaymotrap. Kupumi.
beronnap winaccudukanuscu. beron Tai€pnam yuyHn wmarepuamiap.beron Ba
TEeMHUPOETOH KOHCTPYKIUSTIAPUHUHT aCOCHM TypJiapu Ba yjapra KyWuIaJauraH
Tanadiap.

2-maB3y: beron kopummacu. Ilement kotumm xapaéuu. llement
TUApATalMsCH  Ba  LEMEHT XaMHUPHM  XOCCaJapyuHU  aHUKJIam.  beToH
KOPHUIIMAJIAPUHUHT XOCCalapy Ba YJIApHU aHUKJIAII yCyJulapu. beToH xoccanapura
TabCHUP ITyBYM oMuiuIap. Kypuinuin nHayCTpuscruIa SHEPrUs TEXAMKOPJIIUK.

3-maB3y: beronnap Ba KopumMajJap Y4YyH KUMEBMI Kymumuajap.
beron Ba TemMupOeTOH KOHCTPYKIMSJIApHU Tailépnanaa ¢oigananuiaaurad
KymuMJanap kinaccupukanusicu. [ paHyJIOMeTpUSHU ONTUMAJUTAIITUPHINIA KyKYH
Tynauprudiapaad Qorgananum. Maxcyc OKOpM MYyCTaXKamiIMKKa 3ra OeTOH
(UHPC-100-150 MTIIa).

4-maB3y: MoHoauT Kypuwamm. Ymymuil mabiaymoriap. Kyiima O6eToH.
Xoccanmapu. QonanaHuIl COXajlapu.



AMAJIMT MAIIFYJOTJIAP MASMYHHA
1-amanauii MamFyJaoT: beToH KopuiMacH.

2-amanuii  mMamryJgaor: beronmap Ba KopulIMaliap YYyH ~KUMEBHM
KyILIMYaJiap.

3-amMauii MaIIFyJa0T: MOHOIHUT KypHJIHILL

4-amasqmii  mamryaor: betoH Ba  TemMupOeroH — Oyromiapu  Ba
KOHCTPYLHSUIAPUHU UILIA0 YMKAPUILJIa MHHOBALMOH TEXHOJIOTHUsIAp.

beron Ba TemMup-0eToHIaH TapuXuil Ba 3aMOHABUMN KYJUTAHWITAHU TaXJIWIIH.
YMyMKypwIMII Ba MaxcyCc OETOHJAPHUHI TapKMOMHU xucoOjami. 3aBoj
HIapouTHAa WUFMa TEMHUP-OETOH Ba MOHOJUT Kypwidiiaa (oiimanaHnuiaaurad
OCTOH Ba TEeMHP-OETOH Tax/ WM. beToH Ba TEeMUP-OCTOH  TEXHOJOTHSICHIA
PECYPCTERKAMKOPIIMK UYJILIAPH.

YKUTHII ITAKJJIAPA

Maszkyp Moayn Oyinda Kyiugara YKuTUIl makiuiapuaad GoiganaHuIagm:

- Mabpy3ajap, aMajduil MamFynoTiaap (MabIymMOTIap Ba TEXHOJOTHUIAPHU
aHTyIa0 OJIMIN, aKJIWWA KU3UKUIITHU PHUBOKIAHTUPHIN, Ha3apuil OWIMMIApHU
MyCTaxKamJiaiil);

- MaBpa cyx0Oamiapu (KypuiaéTran jonnxa edumiapu O0yitnya takaud oepuri
KOOWIMSTUHU OIIWPHIN, OSIIUTHIN, HWIAPOK KWIHII Ba MAaHTHKUW XyJocalap
YUKapUIN);

- baxc Ba MyHoO3apajap (JioMuxanap e4yuMu Oyiinua Jajuiijiap Ba acoCiu
apryMEHTJIADHA TaKAUM KHJIHII, SITUTHII Ba MyaMMoOJap €YUMHUHHU TOIHII
KOOMJIMSITUHU PUBOXJIAHTHPUI).



1. MOJIYJIHU VKUTHIIJIA ®ONIATAHUIAJIUTAH THTEP®AOJI
TABJIMM METO/UVIAPH.

AManuii MaIFyJgoT JapclapyuHU YTKA3WII JaBpHJIa MabIyMOTIAPHU TaXJIHJI
KHWJIUII, COJIMIITHPHIN Ba TaKKOCIAIMHUHT BeHH muarpammacu Ba T >kajaBaivaaH
dhornananuIaIm.

Benn auarpamMmmacu.

MeToaHuHT MaKcaam: 2 Ba 3 KMXATJIIAPHU XaMmJa YMYMHUH TOMOHJIAPUHU
COJIMILTUPHUII €KX TaKKOCHAll €KW Kapama-Kapiiu KYWHII YYyH KYJUIQaHWIAIW.
Tuzumiu ukpam, COTUIITHPHUIN, TAKKOCTAII, TaXJIHJI KWJIMII KYHUKMaTapuHU
PUBOXKJIAHTUPAJIN.

Tunrnoumwnapun BeHH  auarpamMMacWHd — Ty3WII — KOWJAcu  OwujiaH
TaHUIIAIWIAp. AJOXUJa KHYMK Typyxjapia AuarpamMma BeHHu Ty3aawnap Ba
KECUIIIMaWIUTaH XOonapHu (X) TYJIaupaauiap

JlonpanapHu KECHILyBYM >KOMUA, UKKUA-Y4 JOUpajap y4yH yMyMui Oyiras,
MabJIyMOTJIAp PYUXATUHU Ty3a/U.

Benn nuarpammacu

Temup-6eTon

Beron 1. Musnepan
1. Munepan OOFTOBUMIAPAAH
OOFIOBUMIAPA doiinamanu6d
an Bornosungan Taifépranam.
. ¢oiinanann6 2. Cymbuit Tom
®?I§HaHaHH6 OJIMHaJJUuIraH MATEDHAIH
Taucpranamt. | cyppuii ot 3 9 p )
2. Cynbuii Towl \ [0k kyrapum . Oruiumra
MaTepuai. KOGHIAATH MUUTAIIHHY AX AL
3. KoHcTpykuuon Y4yH IIyJIar apMarypa
Ba Maxcyc Ounan

Ky4JIaHTUpWJIaIu.

Typiapu
YPIp 4. KoHcTpyKIMOH

T — :xxaaBaja

burta xoHuenmus (MabIyMOT)HUHT KUXATH Y3ap0O CONMILTUPUIL EKU yJIapHU
(xa/iyK, xa/Kapuim) y4yH.

MeToaHMHTr MaKcaau: TaHKUIUN MYIIOXa1a PUBOKIAHTUPAIU

T — >xamBan Kouganapyu TAaHUIIMIAAK. SIKKa TapTHOAa pacCMUMIAIITHPHIIAIH.

AdXpaTiiiraH BakT opanuruaa Taptudaa (kyQTiaukaa) Tyiaaupaad, yHUHT dam
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TOMOHUTa cababnapu €3miIaau, YHI TOMOHHMIra 3ca yam TOMOHAAa udoja Kapama —
KaplIu Fosijiap, OMWLIAp Ba Iy KaOumap.

Kanpamnap xypriukaa (rypyx/jia) TaKKOCIAHUIIN TYIAUPUTUIIH

bapua ykyB rypyxu srona T — Ty3anu.

MoHoauT KYPUWINIIHHUHI aB3aJUIMKIIApXW Bd KaMYUJIUKIIaApH

AB3a/l/IMKJIApH Kamuuninukiaapu

Kapkac-nanennu KypUIUIITa HucbaraH
MEXHAT Ba XapaXkaT )KMUXaTHUJIaH I0OKOPU;

*  MumuapHuHT Te3 6axapuIniIy;

* HamynaBuii Kypuiuim 3JieMEHTJIapUra
O0FNIMK OyiMaraH xoJjijja OMHOHMHT XOXJIaraH - WHXKEHEPJIMK TU3UMJIApU Ba  Mypuiap
HIaKIHHUA TaHJIaIl UMKOHUSTUHWHT ~aBBaJJaH Ky34a TyTWIraH Xxojjaa Oapmo

MaBXKYyIJIUTH,

e YoxkyapHUHT UYKIUTY OMHOHUHI TOBYIL

STUIMIIMA KepaK, YyHKH KEHWMHYAJIUK MAbIyM
Yy3rapTUpHILIIAPHA KUPTU3UII KMUMHYHAIIUKIIAD

TYFIUpaa;

Ba MCCUKJIHMK W3OJILIMSICUHM SXIIMIAWIN,
0
beronnam wummapu +5°Cnan  1oKopu

Aap3sJjiap KCTUIIIMHHUHI OJIIu OJIMHaau, -
OMHOHHUHI Ba3HU nacasav, KOHCTPYKIHA XapopaTaa 6a)KapI/IJ'II/IH_II/I JIO3UM, ITYHUHT Y4YH
MYCTaXKaAMJIMTUHUHT OpTHUIIH YHUHT KUII KYHJIapHu OeToHIaI nauIapu 0OeToH

KOpPUIIMAacMHU  ucUTHII  (Oaxkapuiaaurax
UIUTApHUHT  cU(GATHHU  TAcalTUpHII  Ba
SHEpPrusl XapakaTJIapuHU OpTHUILUIa OJIUO
Kenaau), €KM KUIl BakmIapuaa OeTOHall
UIUTapUHA  O2)KapuIl HMMKOHWHH OepyBUYH
Maxcyc Kymumuanapaad ol janaHuIl 3apyp.

YMPOOKUHIUTUHH OPTHPAIHN;

*  HOxopu COBYK TabCUpPHUTa YUIAMIIHIIUK.

“Keic-cTaan” MeToau

«Keilic-ctagmw» - uHrIM34a cy3 Oynub, («case» — aHUK Ba3UsT, XOIHCA,
«stadi» — ypraHMok, TaxJuid KWJIMOK) aHWK Ba3WATIAPHHW YpPTaHUI, TaXJIUI
KWJINII acoCHAa YKUTHUIITHN amMajira ONIUPHINTa KapaTUiTraH METOJ XHUCOOJIaHaH.
Maskyp w™eron gactiad 1921 #imn  TapBapa  yHUBeEpCcUTETHIA —aMaluil
Ba3UATIApJAaH MKTUCOAMM OomkapyB (annapunu ypranumaa Goigarianuin
tapTuOuna kyianunrad. Keiicma ouuk axOopornapian €kM  aHUK BOKea-
XONMcagaH Ba3uAT cudaruga Taxymia yuyH Goipamanuim MymkuH. Keiic
XapakaTiapyu ¥y3 wuuura Kyhugarwiapau kampad omamu: Kum (Who), Kadon
(When), Kaepna (Where), Huma yuyn (Why), Kanngait/ Kanaka (How), Huma-
Hatmxa (What).



“Keiic MeTOAM” HA aMAJITa OIIMPUII OOCKUYJIAPH

N
00CKHMYJIapH

DaoauAT MAKJIA
Ba Ma3MYHH

1-6ockuu: Keiic Ba yHuHT ax00poT
TaAbMHUHOTHU 6I/IJ'IaH TaHI/II_HTI/IpI/IH_I

v/ SKKa TapTHOIaryd ayuo-BU3yal WIIL;
v’ Keiic Ouyad TaHUIMII(MATHIIM, ayJH0 EKU MeIua
aKyaa);
v axOOpOTHH YMYMJIAIITHPHIIL,
v ax00poT Tax Iy,
v MyaMMOJIapHH aHUKJIAIII

2-60cku4: KeiicHN aHMKJTAIITHPULIT
Ba YKyB TONIIMPUFHH OEIrUIIaIl

v MHAMBHIyal Ba TYpyXJa WUIIUIALIL;
v/ MyaMMOJIapHH J013apOIIHK HePAPXUSACHHI
AQHUKJIALL;
v/ acoCHil MyaMMOJIM Ba3HSITHU OeJITHIIali

3-00ckuu: Keiicnaru acocuii
MyaMMOHH TaXJIHJI 3TUII OPKAJIH
VKYB TONIIUPUFHHUHT CUUMUHH
W3JIall, XaJl 3THUII WYIUTApUHU UIILI1a0
YUKHUII

v MHAMBHIYyal Ba TypyXJa WIILIALL;
v MyKOOWII €4uM HyIIaprHy HILTa0 YHKHIIL
v’ Xap OHp eYNMHHUHT HMKOHHUSITIAPH Ba TYCUKJIAPHU
TaxXJIWI KWINLI;
v/ MyKOOWJI e4MMIIapHH TaHJIAII

4-gocknu: Kelic eunmMuHM
CUMMUHHM [IAKJJIAHTHPHII Ba
acocJanl, TaKJIuMOT.

v’ sKKa Ba Typyx/Jia HIILIAIIL
v MyKOOWJI BapUaHTIApHH aMalljia KyJuIal
VMKOHUATIIAPUHU aCOCIIALLL,
v’ WKoAUI-I0oNNXa TAKITUMOTHHHI Taépiai;
v’ SKyHHIi XyJI0Ca Ba Ba3UAT €YMMHUHUHT aMajIuil
ACIEKTJIAPUHU EPUTHIL

KeiicHu daxapum 00cKYHJIAPH Ba TONIMIHPHKJIAP:

* Keticqaru MyaMMOHII KeITHPUO YNKAPTaH acocuil cabadbmapHu
OenrmmaHr (MHINBUIyal Ba KITIUK TYPYX/a).

* MoOW1 MI0BaH! WINTa TYIIUPUIT YIYH OaKapiiialariiHa UITiap
KeTMa-KeTJIUTUHI OeNTTUIaHT (SKyQTIIKIapar Hi).
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I11. HABAPUH MATEPUAJLIIAP

1-maB3y: beTton Ba TeMup0OeTOoH. Y MyMuii MabJIymMoTJIap.
Pexa:

1.1.Kupwu.

1.2.betonnap kimaccupuranuscu.

1.3.beToH Tai€pnam ydyH MaTeprualiap.

1.4.betoH Ba TeMUPOETOH KOHCTPYKIUSITIAPUHUHT aCOCUI TypJiapu Ba yiapra
KyWuiaauran tanadmiap.

Taanu wubopanap: Oemon, memupbemo, MuHepanr OONOGUU, MAXCYC
bOemoHap, KOHCMPYKYUs, UUPUK MYIOUPY8YU, Mauda mynoupysdu, KyKyHIU
mMya0upyeuu, Oemou Kiaccu, Oemor Mapkacu, co8yK mavbCupuea YuOAMIAUIUK.

1.1. Kupum.

TexHuK Ba UKTUCOIUW KypcaTKUuwilapu Japaxkacu OVitmya OeToH Ba
TEMUPOETOH JyHENA KypWIUI OyIOMJIapy MILIA0 YMKApHII TU3UMHUA XaHy3raya
acocHil KOHCTPYKIMOH Marepuan 0ynub konmoxma. Ho&€6 xoccamapra sramuru
cababmnu ynapnapaaH ¢goijganaHuIl coxajgapu KeHraiub OopMoKJa Ba 11y OuiaH
Oupra KynruHa Xojulapjia KOHCTPYKIUsJIap Taképnamaa KaMMmaT OyiaraH
METAJUTHUHT XaM YpHUHU 3TaJlJIaMOKJIa.

beton Ba TemupbOeToH1aH dhoNgaTaHUI KYPHUIIUII TEXHOJIOTHsJIAPU COXacuaa
KYTIT'MHA I0TYKJIapra 3pUIINII Ba 1Ty OWsiaH Oupra 4yujaamiiv, MUIIUK-TTyXTa, YIKaH,
HOAUP OMHO Ba WMHIIOOTJIApHU Oapro 3Tuill UMKOHUHU Oepmokaa. [llynaai skaH
yJIapHU aCpUMU3 MaTepHUaNIH I€CaK SHIIUIIMaMU3.

bemon 0e6 60z2106uu moooanap, cys, matioa 6a UUPUK MYIOUPYSHUIAPHUHS
MABIYM — NPONOPYUOHANL — MUKOOPAAPOA — OAUH2AH — KOPUWIMAHU — AXUWULA0
apanaumupui, 3ULIAUIMUPULL 864 KOMUWU HAMUNICACUOA OAUH2AH CYHBUL MO
Mamepuanuea aimunaou.

by wumnepaduenmnap apanawmupuneanuoa yiap niacmux Macca XOoCull

Kuaub, 3apyp KOJAUNIapea HcoulaHaou 6a Komub xammuk Xojlamed Ymaou.
Kopuwmaoazu cys sa yemenm opacuoaeu xumésuil peakyus 6a Kyiau xapopam
mavcupuoa Hamudxcacuoa Hucoamaw cekun xomaou. Komuws oaspunu yuma
anoxuoa ¢hasanapea axcpamuid MyMKUH.

Jacmnabku oeb bencunanean obupunyu 6ockuy myeawu yuyH 30 munymoan
60 munymeaua éakm manab 3maou.

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



by ¢aza eaxmuoa, 6emon xopuwimacunune niacmukiueu kamauaou. Cyuneu
myeaut 0eb6 amany8yu UKKUHYU OOCKUY apaiauimupuil onepayuscuoan Ketun 5
oan 6 coameaua 0a8oM MUY MYMKUH.

by oasp o0asomuoa Gemon rozacunune Kammuxiueu HUCOAMAH OMULOK
o6ynaou.

Yyunuu 6Oockuu mycmaxkamukHuHe Opmumiuoar mawkun monaou. by
Jcapaén oacmaabku bockuuoa mes pyiu bepaou. bemown Kopuneanuoan Keuuu
MAxXMUHan oup oueada 0asp MOOAUHUOA V3UHUHE NOMEHYUAN MYCMAXKAMAUSU 8d
KammUuKIUSUHUHS ACOCULL KUCMUSA IPUULAOU.

bemon xopuwimacuoa ¢ouidananunaduecan KOMROHEHMAAPHUHE cugamu 6a
MUKoopuea Kypa 0OemoH Xoccanapu KeHe Kyiamoa Y32apmupuiutdu MYMKUH.
bemon cuxunuwea emapnu dapasicaoa mycmaxkamiukka sea oyiumuea Kapamail
yy3unuwea, deunuwea, obypanuwea 0ynean Mycmaxkamiueu nacm.

Ilynoau Kunub, roKopuoa Keimupuiean Xoaamiaapoa 000uti OemoHoaH
Qovioananuw  yeeapananaou. Illlynea xapamai ymumau 6OemoHOaH 000Ul
KOHCMPYKYUSIAPHU — OaiKaiap, Niumaiap, masHy 08opaapu 68d  OOUIK.
matiéprawoa  QouoaranuIcaHuoad  VIapHuHe —Uysuiuul - 30HAIapuea  nyaam
apmMamypanap Hcounraummupuiud Ketun dbemonianuwu Mymxun. Ilynam apmamypa
0eb amanysuu nNyiam CMmepICeHaap uy3y8yu 3YPUKUWIAPHU KAOYL KUuul Y4yH
Qotioaranunaou.

by yuynoa maiiépnanean 6emon — memupoemon 0ed amanaou.

beron Ba TeMuUp-0eTOH TApUXH

Kozed Moune

N\ VY 1867 iina 16 Hro11a V3HHHHAT
Ky4YaTHPHJTAH TYBAKJIAD YYYH NATCHTHHH
W oara. ¥3 Ta;Kpn6a CHHOBIADHHH TaBOM
\ TAHPHD TEMHP OHMIAH KyJaH THPHIITAH
} e i eMeHTJIH KyBYypJaap Ba Gacceiinmap (1868
e e il.), yiiaapHuHr dacaniapu YI¥H TeMHp-

nmeMeHTIH naneanap (1869 ii.), remup-
neMeHTaAaH kKynpukaap (1873 ii.) Ba
Temup-6eron 6aaxamap (1878 ii.)
HXTHpPOJIApDH YVYYH NaTeHTJap oJraH.

http://1000projects.ru/page.php?see=kogda-poyavilsa-beton
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3000B.C
Egyptians used mud mixed
with strew 10 bind bricks, They
nzed gypsum and lime morters in the

300 BC- 476 AD
Applisn Way, Roman

baths, the Colossewn and
Pantheon used Pozzslans cement
unined fat, malk and blood were used a3

1886
First rotary kiln wes inwoduced
in England, which sllowed for

continus praduction of cement

1889
Fimt concrete reinforced
biidge was built.

CONCRETE
HISTORICAL
TIMELINE

Sohn Smeatom used hydranlic
lime to rzbuild Eddystone
Lighthouse in Cormwall, England

FiiEt concrete steet in the
US4 was placed in Bellefortsine,
; w Ol by George Barholomew
Joseph Aspdin of England i ¢

insented porfland cement by burmingy

TFiist major concrete dams,
the Hoover Damm and Grand
Clooley Diaim, wrers built

L)

N

ina lime kiln nnil carbon dioxide is
= duven off. The product was then ground.

3000 B.C.-
PRESENT

The Tirst s¥sEmatc Bt
of tensils and compressive
e ngth 0ok place In Germany

1667
Joseph Monier of France
minforced flower pots with wire
ushering in the idea of ion
Einforcing bars

1992

Tallest reinforced building
¢ 946 1t) constructed in
Chicaga, IL

FiEt concrete doms sport
stmc ture constructed at the
Unive rsity of Illinois, Assembly Hall

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

1.2. beronyap kiaaccupuKaAnUsiCu

I'OCT 25192 6yiinua kypunuiijga (oinananuiagurad OeToHIap Kyhujaaru
acocuil KypcaTtkuuiapu Oyitnua cun@uiapra axxpaTuiaau:

- acocuil oiganiaHuIl coxacura Kypa;
KOppO3Us TypJiapura 4YuaMIIurura Kypa;
TYJIIUPYBUMIIADUHUHT TypuUra Kypa;

- CTpYyKTypacura Kypa;

KOTUII IIaPOUTHUTA KYpa;

- MyCTaxKaMJIUTUra Kypa;
MYCTaxXKaMJIMTMHU OPTHILHN TE€3JIUTHUIA Kypa;
- ypTraya 3udjurura Kypa;

COBYK TabCHUPHUPUTa YUAAMININTA KYPa;
CyB YTKa3Macillurura Kypa;

EOUPUINILINTA KYpA.

bemonnap knaccugpukauusacu

Knaccudukanmst
berton Typu Tabpucdu
oenrucu M prd
Acocuii buHO Ba MHIIOATIAPHUHT MEXaHUK XOCCATapU
. KoHncTpykunon oy oy
dhoinananu Oyiinua Tanabnap Kyiwiaaurad 6eToHap.



http://matse1.matse.illinois.edu/concrete/time.html
http://matse1.matse.illinois.edu/concrete/time.html

coxacura Kypa

Maxcyc

buHO Ba MHIIOATIAPHUHT MEXaHUK XOCCATapU
Oyiinua Kyliuaaauran tajadiapaad TamKapy

¢dbyHKIIMOHAT Tanabnap (MCCUKINK U3OJISIHSICH,
HUCCUKJIMK TabCUPUTA YMIAMIIUINK, KHMEBUMA

YUAAMIIMIIMK, KOPPO3Us TAbCUPUTa
YUJAMITHIINK, IEKOPATHUBIIUK, paaualisiaH
XUMOSITOBYH, 3YPUKYBUYaH, THAPOTEXHUK Ba
OoIIK.) KyHuIaauran OeToHIap.

Koppo3sus
mypnapuea
yyoamaueuea Kypa

Kopposus xaBdu 6yimaran xonmapaa
doitmananmnanuran 6eronnap (XO);

KapOonaru3anus Tabcupua KOppo3us ro3ara
KEJIMIIKM MyMKHH OYJIrad mapoutiapia
doitnananmianuran 6erornap (XC);

Xnopuanap TabCUpUIa KOPPO3us r03ara Kelauiu
MYMKHH OYJIraH mapouTiapia
doitmananmianuran 6erornap (XD Ba XS);

Kerma-keT Mys3namr Ba 3puil TabCUPHUIA
KOppO3Hs 103ara KeJIUII MyMKUH Oyiran

mapouTiapaa ¢hoiganaHuIaIurad 0eToHmap
(XF);

A

Kumésnii koppo3usi r03ara KelnTupaaural
mapoutaa doigananunaaurad 6eronnap (XA).

3u4 TYIAupruyiap
acocuja

3WY TOF KUHCJIApU EKH 3UY NIUIAKJIAp aCOCHIaru
OeToHnap

VYTa 3ud Tynauprudiap

Pyna Tapku6nu TOF )KUHCIAPH, YYSH

T}’JUIHPTEI‘I Typura acocHa KUPUHIUCH, METAJUT KATIUFU Ba OOIIK.
Kypa acocuaaru OeToHIap.
Fosaxk Tynaupruunap TaOuuit Ba cyHbUil ceproBaK THUIAUPrUYIap
acocuaa acocuaaru OeToHap
TynauprudyHuHT WNupuk nonanu Wupuk tynauprudiau OeToHIap
WHPUKITUTH . . .
Gyiinua Maiina 3appanu Maiina Tynaupruy acocuaru 6eToHaap
emenTnap, nry )Kxymiiajiad NopTiaaHALEMEHT
KJIMHKEPH Ba TypJIM MUHEPAJ KyIIUMYaiap
acocuza (MOPTAaHIIEMEHT, IITAKIIA
E€MEHTIIH, I NOPTJIAHALIEMEHT, CYJIb(aT TabCUPUTa YHIAMIH
bornoBuncuHUHT 1 Yy p A > CYIB0 P A ’

TypHura kKypa

KymMmitaJjaH KOMIIO3UIINOH
6OFJ'IOB‘-II/IJ'Iap acocuaa

OK Ba panmm nementiaap, BHB, Ba 6omik.),
THWITYNIPOKJIH €KU TMITYIPOKIIN KIMHKEP
TapKuOIU (TUATYIPOKIH, 3YPUKYBUYaH,
KUpHILIMaiiurad Ba OOIIK.) acocuaru
oeToHmap.
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ABTOKJIaB1a KOTAAUTaH OXaKiIu OOFJIOBUM Ba
KPEMHE3EMTapKHOJIU KyIIuMUaiap acoCHIaru
OeTonap.

Oxaku OOFIIOBUMIIAD
acocuna

[Inak-umkopiau OOFIOBUMIIAP, OXAK EKH IIEMEHT,

[naknau GoFmoBYMIAD | ..
¢xu rurc 6miaH (aoyUTAIITUPUIITAH UIAKIIAP

acocuza N
€KH KyJu1ap acocuiaru 6eTonmiap.
l'uncnu GornoBumnap Kypunuii runcu, aHruipuT, TUnc-1eMeHT-
acocuza IyLI0JaH OOFJIOBYM acoCHaru OeToHmap.

AHOpraHuk Ba OpraHuK OOFJIOBYMIIAD
Maxcyc GofnoBumiap | (ONTHHTYTYPTIH, TOIUMEDp, pocdar, Maruesual,

acocuna CYIOK IIUIIAIN OOFJIOBYMIIAP) aCOCHIATU
OeToHmap.

CUKWINIIIATH MYCTaXKaMJIMIU OViinya meMeHTIap Kyhujaara Kiacciaapra
oymunanu: 22,5; 32,5; 42,5; 52.5. 2

Korum BakTH 0yiinua neMeHT/Iap KyHugarujaapra 0yjJauHaam:

* CexklH KOTYBYM — KOTHUIII BAKTUHUHT OOIIJIAHUIIN 2 COATAaH OPTHUK;
* Hopman KOTyBYM - KOTHIII BAKTUHUHT OOIUIAHUIIH 45 MUHYTIAH TO 2
coarraua;
*Te3 KOTyBYM - KOTHIIl BAKTUHUHT OOIIJIAaHUIIMN 45 MUHYT/IaH KHCKA.
beron KopulIMacMHM KOWJAml Ba 3uwilam Oyiuya:_ mmoOOanaHras,
BUOpaIUsIaHTaH, NpeccIaHrad, BUOPOIITaMIIJIaHTaH, BUOPOIIPOKATIaHTaH, 00CUM
OwiaHn  BuOpompokarjaHran (KywIid  BHOpPOIpPOKaT), LEHTpU(yrajlaHra,
TOPKpETJIaHTaH, BaKyyMJIaHTaH, BUOpodaoutamTupuiirad Ba Oomkanap.

BeTOHHMHI KOTHMII BAaKTHIa HCCHK-HAM HMIUIOBH OepH/IMINM Ba TYTHO
TypWIMIIHMIra Kypa. HopMman, Gyrmanran, 100°C xapoparia cyBma HCHUTHIIaH,
AJIEKTPOdHEpTUs €pAaMuia, MOW OWIaH HCUTHITaH, aBTOKJIAaB EKM OyFJIaHTaH,
KOMOUWHAITMSJIAaHTaH, MaxCyC MIIJIOB OepuiIran Ba OolIKaiap.

Tamkyn MyXUTHUHI arpeccMB KMMEBHMI TabCMPHUra Maxcyc yciayd OujiaH
AHUKJIAHAAUTAH KAPIIWJIMK KYypcaTHll Japaxkacu Oyiin4a: cyinbdaTr TabCcUpura
YUAaMIIH, JEHTU3 CyBUTa YUAAMIIM, KUCJIOTa TAbCUPUTa YHIaMJId Ba OOLIKaIap.

Oxkopu xapopar Ba 0JI0B TabCHPUIra YMAAMJIWJIUIU OyHH4YA
(MCCHUKJIMKKA YnAaMJIM 0eTOHJIAp):

a) 1770°C naH 0KOpH YuIaMJIA OJIOBOAPIONI;
0) 1580° man 1770°C raya osioBOapo1II;
B) 1580°C raga onmoBOGapao1II.

1.3.beToH Taiiépaam y4yH MaTepuasiiap.

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



LlemenT

YMyMKYypHIHIII Ba Maxcyc mMakcajjapiaa goinananuiaaurad 0eToHaap yuyH
IIEMEHT TaHJAIIHU >KaJBajlap/ia KEITHPWUIITaH MabJIyMOTJIapra TasHTaH XOJija
3
amaJra OIIMpHIl 3apyp

KoHnctpykuusnan dhoiigananuii mapouTura Kypa HeMeHT TaHJIalll

Mo |LlemenT Foncrpykumanas pofiaanaduin mapoiTH
ST T F{"'Euh.qnuuap MM O] =
HYEH KHSMH LA ;"'. n}mm‘:: j;ﬁ;:j:l MR g E— = E §
2 — = 2| E5= 8
& = =| 22 z|FE|E2Zz¢z
£ = |zce=|lEFz=:25|25¢= 2
Z b= = CEEEIELEEEZEERE|TE R E
| 2| & |FEEEE iRy eE|-EF
o B | - R
1 [TL] Jcy P P P H H I i
2 1L as. 20" P P P H H H I
3 [rorroon P P i i I H i)
4 ET]_I,I P P P H H H H
5 BIIITTLL P P A A I H H
& l:"i'_'l'[]_'l,'1 M M M P P P H
T CCLITTL- M M M P I H H
&  |roroo H | H P H H P
G HLL® J P P P I P 51

Hoaoxe: §- TONCT IOF7E; 2 - FNONCT 22226 -3 - T 21-26-0 3-90 &vviweia.
P - mroecus amerade; S - mexwwc-ugmacodi; aoocransanda pvceom aencace; Ho-
e KTt el

% Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005
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beToHHUMHT Ky1accH Oyiin4ya HeMEeHT MaPKACHHH TaHJIAI

Leme R CHEHNHILIATH MYCTAXKAMIHE OViH4a GeTOHHHHT KN2CCH

CMEHT Mapkach B10 B20 B30 B35 B40 B30
TapcHA THIAIATAH hA300 BA300 WS E T WSO % [RTHLA] % (RTICH]
Pyxcar DepHaaiHrad h300 B0 hAS00 r:;i?:[]; [::1:;{:% hASS0

beToHHMHT KOTHIII IIAPOUTH 6)“'17mqa HEMEHT MapKaCHHM TaHJIall

| - wagsan OYHHYA LEMEHT TYPH
EOTHIL lHaponTH (raprub pakamu)

(213456789
My Tagun Ba MYTANHATA HEHH LS I S I S O S O I
10°C xapopaTaan nacr JIAIHIPIH|AIHIH]|P
Heeuk-Ham uinnos OepHiarasia: HI1AdIHIP|P|IHIH|H]|P
—13 coarraua OVAraH pemHmMia
— 13 coataan opTuk OVIArad pesumia S R R B Kol R I i e

Hzox: A P, H— I - szcadsan wioxuza kapans

TYITHPYBYHUIIAP

Tynoupysuunap amamacu unepm 6a Kumésuil ¢aon OyImacan 8a yemerm
ounan  énuwumu  Hamoicacuoa  Oemon  oauul  YuyH — oudANaAHUIAOULAH
MAmMepuaiiapHune — yMymui — HOMUOUP. Dotioaranunaouean  KYn4uiuK
MYNOUPYSUULAD WARAIMOUL, YAKUKMOWL, KyM Oyiap mabuuil. Mamepuaiiapoup.
Cynvutli 6a uwiios oOepuiean mynoupysuuiaped eum nap4acu 6a OOMHA
waakaapu oynuwu mymxut. Ilemsza, Kokc, €204 Kunueu, Kynuumuieaw uwiidk,
KYNUumuiean ciamey, Kynuumuiean eepmuxyaum eéa oowx. Ilacm suuiuxka sea
bemoHIapHu manépaauoa Goudailanuiaou.

Knaccugpuxkayusacu

Tynoupeuunap uxkxku eypyxea OYIUHUWU MYMKUH: (@) UUPUK OOHAIU
mynoupeudnap 8a (0) mauoa mynoupeuyiap.

Tynoupauunapuune cugpamu

bemomn 6a memupoemoHn KOHCMPYKYUSNAPUHU mauéparauoa
Qouoananunaouean  mabuuti.  MYyIOUPeUYIaAp  HOPMAMUE  XYHCHCAMIAPHUHS
manabnapuea xasob bepuiuu Kepax.

Tynoupeuunapuune  6av3u  3apyp  xoccarapu  Kyuuoaeunap: (1)

mycmaxkamaux (2) yauamu (3) 0onacurune waxiu (4) o3acununew mekcmypacu



(5) epaoyuposxacu (6) ymrxasmacaueu (7) mozanueu (8) kumésuu unepmaueu (8)
r0Kopu xapopamoazu uzux eéa kumésuti cmaounnueu (10) uccuxkiukoan Kemeauuud
koagpuyuenmu, 6a (11) napxu. Tynoupeuunap xumésuil uxepm, MyCMaxkam,
Kammug, YeKlaHean 208aAKIUKKA 32d, ENuud Koiean cui-mynpok, KyMun, KyMup
Konoukaapucuz — oyauwu  kepaxk. bemon  mycmaxxamaueu,  oapxapopnueu
nacaumupysuu 6a apmamypaumume Kopposusacuea cabad 0ynysuu opeaHuk Eéxu
bowka Kywumuarapcuz oOyauwu Kepax. 3apapau  mMoooanap MuKOOpUHUHE
yezapanapu Kyuuoazu i#caosanoa KeimupuieaH.

3apapau moodanap MUKOOpUHUHE Ye2apaiapu

3apapau moodanap Maiioa Hupux
mynoupauy mynoupauy
OymyH mauoa oymyH mauoan

JlaHeaH aHeaH
Kymup 6a nuenum 1.00 2.90 1.00 1.00
Jloti 6ynaxnap 1.00 1.00 1.00 1.00
Matioa 6ynaxuanap - - 3.00 -
Cnaney 1.50 - - -
Xamma 3apapau moooanap mMuxoopu, 1.00 2,00 5,00 5.00
% **

Tynoupeuu maccacuea Hucoamawn %*.
Crrooaoan mawxapu™*

bemonnune  mycmaxkamaueu —mynoupeuy  mMycmaxkamiueuea — O02uK.
I'panumau mynoupeuy nemsa éxu KyUOUPUN2AH SUIMYNPOKIU MYIOUPSUUIAP2a
HUcbamaw KOpU MyCMAXKAMIUK OIUUL UMKOHUHU Oepadu.

Tynoupysuunap cugpamu ooamoa (i) mauvoarawoacu mycmaxkamaux (ii)
mavoanranuw  éxu  (iii) mavcup Kammanuxkiapu Kabu ubopanap ounrau
beneunanaou.

Hupux mynoupauunune ynuamuoan yHuHe wwiiawi xapakmepuadza Kapab
gotioananunaou. Hupux mynoupeuy emapiu Oapasicada maiida 6ymub 6ymyw
XaoscMHu mynoupa onuw Kepax. Mupux mynoupeuu yu Xunl waknod, SoHu
OYyMaAnoK, HOAHUK WAKIO0a 6a Kuppaiu oyauwiu mMymxuu. Lllynune yuym 2aoup-
Oyoup 13anu myaoupeuyoar @Gouoaranud maiépranean OemoH CULIUK H03a1u
mynoupauuoar goudaranud maiépaianean ©Oemonea HUCOAMAH MYCMAXKAM
oynaou.

Tynoupeuunap mosza 6a UNMynpox, 4aHe 6a OOWKANapoaw Xoau Oyauuiu
kepak. lunmynpox e6a 6owka énuuiyeuan KONIAMAlap aioxuoa 3appaiap 6a
yemenm opacudazu aozezused EMOH mavCup dMaou.
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Onmuney2ypm 6a €umail KoOJNeaH KyMup 6a OOwKaniap KumMEégull mavcup
Hamudcacuoa wumumy MyMKul 6a apmamypaea mavcup smaou. Tyroupeuynap
YemeHm MampuyacuHuHe UCCUKIUKOAH KeHeauuwl Kodpuyuenmuea AKUH
Koaghuyuenmea sea 6yIUUIAPU KEPAK.

Xynoca kunub atmeanoa mMynoupeuulap uHepm MUHepal Mo00adaH MAaAuKUul
monear OyIub, yiap mosa, WUKAIanuwed Kapuuiueu oKopu, énumub Koaiean xap
XUl KYUUMYATAPOAH XOaU, 3Ud, emapiu 0apaicaod mycmaxkam oyauo, yemernm
Mycmaxkamaueuoan myna Gotoaiana oaunul UMKOHUHY Oeputuu Kepax.

TYAaupyBUMHUHT SHI UMPUK YIT4aMHU

Koncrpykumusuiap ¥ maupruuHHHr Maiiaga —THPHEIHTHEH

CCITHITOBYH LIapriap

Bepruean - ApMaTYpPa CTCPMCHIAPH OPACcHIAIH YHI KHYHE
opatHEHHHDT .75 Vnaanmmu;
- KOHCTPYELUMA SHI KHUUK YauamuHuHar 033

KHCMUra redr, nexud 150 mapnan kin amac.

lNopusoxnTan - KOHCTPYEUMA KAITHHANIHHAAD 0,5 KHeMura
Terr, neknH 150 mymaan kVn asmac

Hin Ba aspoapon = A M

EOITaMAIapH

Nupuk TYNIUpyBUMHUHT MyCTaXKaMJIUMK OYirya SHT MmacT MapKacH

beToH KiaccH
B12,5| B15 B20 | B25 B30 | B33 B4 B45
Orrunud unkkan | 800 OO [ 800 | 8OO | 800 | 1000 | 1000 | 1200
Metamopds 600 | 600 | 600 | 600 | 00 | 1000 | 1000 | 1200
Hykunau 300 300 400 &0 SO0 | 1000 | 1000 | 1200
Maiigananuin

Tor muncnapu

Hpl6 | Jpl6 | Jipl6 | Apl2 [ [p12 | Jp8& | JIp8 | Jip8

KYPCATKHYH

Nuvpuk TYIIupyBUMHUHT TaBCHsI TUIIAUTAH TOHAJAOPJIUK TapKUOH

o T -
Mupuk t¥iaupysunanar | Hupuk t¥gupysasaars grpakuuanap Mugiops, %

FHI HHPHK VIIUaMH, 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 -

Maiiga Tyagupruy

Kypunuin unapu yuyH doiananuianurad Maiiaa tyaaguprud — kym, [OCT
10268, 8736 Tanabnapura »kaBoO OEpUIIH Kepak.

beToH KOpHMIIIMACMHUHI TEXHOJIOTUK Ba OETOHHUHI KYpPWIHII-TEXHUK
xoccajapura KyMHUHT TPaHYJIOMETPUK TapKUOU (MUPUKIUK MOJYJIH), YAHTCUMOH



Ba TWITYNPOK 3appaIApUHUHT MUKIOPH Ba CYB TaJaO0YaHIUTH JHT KAaTTa TabCHP
Kypcaraiu.

Nupuxmmk moxymn 1,5—2 6ynran kymmap IeMeHT capduuu 5%raua,
Hupukiauk monynu 1,5 gan mact 6ynranga 12%rava ommpanu. Kym tapkubugaru
YaHTCUMOH Ba THJITYNPOK 3appaiapu MUKAOpH 3 %aaH kyn Oyica neMeHT cappu
5% Ba yHJaH KYT OIIUIITHA MyMKHH.

Kymumuanap
beroH KOpHUIIMAaCHHUHT TEXHOJOTUK Ba OCETOHHUHI KypPHJIMII-TEXHUK

XOCCAJapUHU AXIIWJIAINl Makcaauaa KUMEBUHM KymmmuaiapiaH ¢oiinamaHui
I'OCT 7473 tanabmapura MyBo(HK amaira OIIMpuIaIm.

TaBcus sTMIAAUTAaH KyIIIuMYaiap

FOCT 24211 6iiinya H: _ R N o
. ] aAMYHa Muknops MolianaHHIIIArH caMapa
KV IIHMYATAPHHHT CHHIH

CynepniactHdukaTopiap C-3, Jdb, (0,4 — 0.8 |beTol KOPHIIMACHHHHT CYB
CMD TanafuaHIHTHEN 2004080 OPTHE
KAMAHTHPAIH
[TnacTHENHKHH KYy4IH ICTM-2, | 01503 |beToH KOPHIIMACHHHHT CYB
OIIHPYBHIAp JITM, MTC-1 TanafannHrHeg 20%ra4a
KAMAHTHPIH
[TnacTHENHKHH YpTada JICT, 0,1—0.2  |beToH KROPHIIMACHHHHT CYB
OLIHPYBUIAp Y1k, TanatmannHrHeg 10%raga
MK KaMaiTHpaIH
[MnacTHENHEHN Kam menok, wak, | 0.05—0.1 |beToH KOPHIIMACHHHHT CYB
OILIHP YBHILIAp IEOE-10, TANadMAHTHTHHE 5Yra4a
[EA-11 KaMaiTHpaan, 3—5% xapo xanb

KHJIHIIHHE TABMHHNAANH, COBYVKKA
A nHEHA 30- 100 gaknra
OLIHpaIH

Koppoana nuruduropnaps | HH, TBH, i TenupbeToHaa rin apMaTypaHHHI
EXH, BXEK KOPPOIHACHHH OIJTHHH OJIA0H

Hzox. ® % genenm saceacusd muctiaman Kypve sodda sucotuda.

1.4. IlopTiianAeMeHT Ba YJIAPHUHT TYpPJapH.

[TopTmananeMeHT - MOPTIAHIAIEMEHT KIWHKEpH, Turc Tom (5%rada) Ba
KYIITuMYaIapHd MaluH KWINO TyWHUO OJIMHATUTAH TUIPABIUK OOFIOBUMITIUD.

* Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005
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KanHkepHUHT MUHEPAJOTUK TAPKUOHU

3Ca0-SiO, -yu kanbuuitau cuukatr -CzS-anut 45-60%
2Ca0-SiO, -ukku xanpuiinm crumkar-C,S-6emur 15-30%
3Ca0-A1,03 -yu kanbiuiinu amoMuHaT-C3A - 5-15%
4Ca0-A1,03'Pe,O3 -1¥pT kanbimitm amomodepput — 19-20%
[HemenTna 6ornanmaran CaO muxnopu 0,5% nan 6ornanmaran MgO
MUKIOpH 5% NTaH OIMIMACIIUTH KepakK, aKC XOJIJIa XaKMH Y3TapHIIIA HOTEKHC
oynanu.

KJ]I/IHKepJIapHI/IHF KJIaCCI/I(l)l/IKaHl/IHCI/I

Knunkep TaxMuHuN MUKIOP, %o
C3S CzS CgA C4AF
Anmutim 60 xynu 15 xamua - -
Owan
Hopwman (anmut 60...37,5 15...37.,5 - -
MUKJIOpHUTa Kypa)
Bemurim 375 37,5 xym
Kamuja Omnan
AJIFOMUHATIN - - 15 xynn 10 xamua
OuiaH
Hopman - - 15...7 10...18
(amoMuHATIA
MUKJIOpHUTa Kypa)
Henutin - - 7 xamuaa 18 xynu
Ounan

TI'OCT 30515 Ilemenmnap. Ymymuit mexHuk wapmaap oOyiuuua

uemenmaap Kyuuoazu cungnapza oyaunaou:
1. @oiigananuura Kypa:

*  YMYMKypHIUII y9yH,

* Maxcyc.
2. KinHKepMHMHT Typura Kypa ueMeHtJiap:

*  TOPTIAHIIEMEHT KIIMHKEPU acCOCH/Ia;

*  THITYIPOKIH (FOKOPY THIITYIPOKJIH) KIIMHKEP acoCHa;
cynbdoamtoMuHar (-hepput) KIMHKEPU acocuaa

Munepan KYIIMMYAHUHT TYPU Ba MUKIOPHU Xap OMpP KOHKPeT eMeHT

Typura Kapa6 yerapananaau ('OCT 31108-2003 )

['OCT 30515-97 Ba I'OCT 31108-2003 6yiinua améBuid TapkuOUra Typiau
KYIIMMYajiap Ba MHUHEpal KylmuMuainap OuiiaH XapakTepiaHaau. MuHepan




KYIIMMUYaHUHT Typd Ba MHUKIOPUM Xap OHUp KOHKPET LEMEHT Typura Kapad

acrapajiaHaau.
. IHEM | —iopT/1aH/IlIeMEHT;
. IHEM Il — muHepan KymuMuaayd NOpTIaHAIIEMEHT;
. em Il — nmutaknu nopTaaHIIIEMEHT;
. HEM |V — ny1miionas nopTiaH/IleMeHT;
. IHEM V — KOMITO3HUIIMOH [ICMEHT.
LiemeHTHUHT awéenii Tapkubu, macea Gyiinua, %
Uement Acocuii KOMNOHEHTAAP )
" 3
N Hemer nonu ;::;M;:Hr Mloprarayement ;'::RH::Z::H;:; Myuyonax Yuyeuan u;;:::;t:u MukpokpemHezém | O? akrow “W:':::ﬂ:':'ap
Bearmnanuwn KAMHKe P wnam Kyn cnamey
Kn. L. n. 3. r MK u
MopraanguemeHt LEM 1 95-100 - - - - - - 0-5
Mwutepa n LIEM II/A-LL 30-94 6-20 - - . . . 0-5
Fwmmuann**
LUAZKAN LIEM I1/B-LLl 65-79 2135 - - - - - 0-5
NopTAaHALEMEHT
nyLyenaH UEM 1I/4-N 80-54 - 6-20 - - - - 0-5
| YHYBYAH Kyn LEM II/A-3 80-94 - - 6-20 - - - 0-5
FAHEHAM EKK
Kyigupuaran LEM II/A-T 80-34 - - - 6-20 - - 0-5
cnaHeum
MUKpoKpeHeagman | LIEM II/A-MK 90-54 - - - - 6-10 - 0-5
o?aKTownu LIEM II/A-H 80-34 - - - - - 6-20 0-5
Komnozuumon*** | LIEM II/A-K 80-34 6-20 0-5
Llnaknu
! nopTAaHALeMeHT Uem l1I/A 35-64 - - - - - - 0-5
v :x‘:‘:ﬂ" LEM IV/A 65-79 2135 - 0-5
! :::::““" ' JuEMv/a a0-78 1130 11-30 . . - 05

*KaTTanuMK LeMeHTHMHI acocMil Ba EpAamMyn KOMMOHEHTAAPHWHT, runcaad Taw?apu 100% aeb ?abyn ?uanHranm.

** LIEM |l TypRar1 4emMeHTAZPHHHT HOMAIPHMAA (KOMACZMYMOH UeMeHTAaH Taw? apn) «muHepan Tywnmuaanap 6unan» geraH cjzHUHE acocnit
KOMMNOHEHTNIAPHUHF — MUHEpan ?YLUMMYanap HOMU Kypeatuaagm.

**% Murepan ? yluMmyanap TypnapvHi yMyMA3LTMPMAYEM —aCOCHIA KOMMOHEHTAAP LIEMEHT HOMWAA KYPCaTHAMILM Kepak

LlemeHTra KyKyH KylmimmM4aJjap

* MaiiuH KyKyHJIM KYIIUMYaJIapHu 0€TOH XOCCaJlapUHU SAXIITUIIAI, [IEMEHTHH
WUKTHCOJ] KWJIMII Yy4yH OETOH KOpryHua €KMW KOpHIIMa Tanépiam BaKTHAA
KYIIWJIAIH.

e llemeHnTnu

e Ilynuonan

* Homunan unept

beron Mycraxkam Oynummra xapamaid, Mypt OynraHiuru cabaOiau, YHUHT
ATWJIMIIIATH Ba YY3UIIUILIar | MyCTaXKaMJIUT1 CUKUJIMIIIArU
MYCTaxXKaMJIMTUHUHT YHAaH OupuHU Tamkuia dtagd. IlyHUHr ydyH yHHHT Oy
KYpCaTKUYMHU  SXIIWiall  Makcaauga yHM  Oyiar  apMarypa  OwiiaH
Ky4JIaHTHPHIAIM.

OnpuHaan 3YpUKTUPUITaH TEMUPOETOH/IaH IOKOPU MYCTaxKamJIMKKa 3ra Ba
MyCTaxKaMJIMTHU OIIMPWITaH apMmaTypaiaH camapaiu (oiganaHud, KOHCTPYKIIUS

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

24



AIEMEHTJIADUHUHT KECHUMUAA Jap3/ap XOCWJI OYIUINTa KapIIFJIUTUHU ONINPHIIL,
Jap3JapHA OeNrujaHTraH yerapajga OYMJIUIIMHN TabMHHJIAII, FOKJIAHUITHUHT KYTI
MapTa TabCUp HTHUIIHMra Ay4op OYnaguraH KOHCTPYKUMSUIADHUHT OUKPIUTHHU
OLIMpUII Ba JAeQOPMALMACUHM KaMaWTUPHIL, KOHCTPYKIMS MACCACHHH
KaMalTUpuIll Ba IOKOpM Mapkara odra OeToHjgaH ¢oiallaHdIl  3Ba3ura
dboinananuIaIm.

MuFMa TeMHp-GETOH MaxCyJloTIIapH Ba KOHCTPYKIHSUIAPU KIAcCH(HUKALHS
acocuja Kyrdujaru ajomatiapu OelirujaaHraH: 0€TOH KYPUHUILM, YHUHT 3UYJIUTH,
apMaTypaJlalllHi KYPUHUIIIN, MUKW TYy3WJIUIIN Ba KYJUTAHWIHIIIN.

beron Typu Ba Ky/UlaHuUJIaAWTaH OOFJIOBYWIAp OyiiMua MaxcCynoTiaap
dapkmaHagu: EeMEHTIN OCTOHJAp-OFUMpP Ba OAJMUMN 3UY TYJIAUPYBUMIAP aCOCHIA,
aloxyaa ofup O€TOHJAap Ba FOBAaK TYJNJIMPYBUWIM €HTWI O€TOHIap, FOBaK
OCTOHJIap Ba Maxcyc OCTOHJap — HCCHK Ba KUMEBUM TabCUpra 4YuIaMIy,
MaH3apainu. Maxcynotaa KyUlaHWIaguran OeTOHIap 3U4iurd Oyinya yTta orup
6eromnap suwmurd 2500 Kr/M° DaH 10KOpH, oFup Geromnap suwinrd 1800-2500
Kr/M°, eHrmn Gerorap suwury 500-1800 kr/m® Ba §Ta eHrHI GETOHIAD 3HUIAIH
500 kr/m3 naH kaM (MCCUKJIHMK YTKa3Malauran) Oymaamn.

ApmMmarypanam Typura Kapad TeMUp-O€TOH MaxCyJOoTJIapu OJJIMHIaH
3YPUKTUPWITaH Ba OJJIUNA apMaTypJIaHTaH Typura OyJInHaIu.

Maxcynot Oup Typaaru O€TOHAAH Tal€piaHTaHla Ty3WIUIINra Kypa sSXJIUT
Ba WYM KOBAaK; OMp KAaTJIamJIM, MKKU KaTJIaMJu, KYN KaTJamyid, Xap Xujl OeTOH
TypuAaH TauW€piaHraH €Ku TypJId MaTepuaUlapHU KyJUlall, MacajaH HCCHUK
YyTKa3Maiauran Oyiuinm MyMKHH. Bup Typaaru teMup-0€ToH MaxcyJoTiapu Oup
Oupumad Yia4oBiiapyu OWiIaH, Macaiad JeBop OJIOKH, Oypuak OJIOKH, Jepa3a OCTH
OJioku Ba Oomkanap OunaH QapkiaHagd. bup Typ VadoBmaru MaxcyJsoTiap
Mapkajapra HucOaTaH OYJIMHUIIN MYMKHH.

Mapxkanapra 6yauIn acocuaa Typiy apMarypaliail, MOHTaXK TEIIMKIApUHUHT
MaBXyMJIUTH, €KU KYHIUPWIAAWTaH JETAUIAPUHUHT TYPJIWIUTH 3bTUOOpra
OJIMHA/IH.

Murma TEMUP-O0ETOH MaxXCyJOTJIApUHU KYJUIAaHUIIUTAa Kypa: YyH-)KOH Ba
)KamoaT OWHOJIapW, caHoaT OWHOJApH, KHIILJIOK XYKaluK, TPaHCIOPT,
THAPOTEXHUKA HWHINOOTIApH KypPWIMIIM Ba yMyMmMud  (QoiimamaHumigaru
MaxCyJoTJIap OYJIUIIM MyMKHH. MaxcyloTiap MakcUMal Japaxarada 3aBojjia
Taii€pnanran Oynumum kepak. Kucmnapnan ubopar Ba KOMIUIEKC MaxcCyJOTiap
UCTEBMOJIYUTA TyraTWIraH, Koujaa Oyinya OuWTKaswiraH, HUFWIraH XoJatrna,
KYIlMM4Ya Ba KalTa WNUIOB Tajnad KuwiMaiaurad, Oe3aJMaiiuran XxoJatriaa
eTKa3WIA/IN.

Ha3zopar caBoJsiapu:

=

beron mapkacura kypa HeMEHT MapKacH Ba TypH.

2. Kym Ba #iupuk tynaupruaauar noHagopiuk tapkubu ['OCT TamaGnapura
MOC KeauIuHU. KyMHUHT Maiina-WupHKIMTUHE Ba CyB TajgaO4yaHJIUTHHHU.
VIMpuK TYIIUPIUYHAHT KOHCTPYKIMS KECHM F03acH Oyiiiua MOC KeJTHIINHN.

3. LlemMeHT-CyB HUCOATHUHHU.



4. CyB-11leMeHT HUCOATHUHH.

DoigaJaAHIITAH a1a0uéTaap:

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. AxpamoB X.A., HyputaunoB X.H. beron Ba Temup-OetoH Oyromiapu
nnad uukapum texHonorusicu. Jlapcimk (Akpamo X.A., Hyputauaor X.H.,
Tomxkent, TAKH, 2010 it 592 Ger.

2-maB3y: beTon KopummMacu.

Pe:xa:
2.1. llemeHT KOTHILN XKapaEHHU.
2.2. lleMeHT rugparanuscy Ba IEMEHT XaMHPU XOCCATIapUHU aHUKJIAII.
2.3. betoH KopuIManapuHHUHT XOCcallapy Ba yJIapHU aHUKJIAll yCYyJUIapH.
2.4. betoH xoccanapura TabCUp 3TyBUYHM OMUILIAP.
2.5. Kypwni uHAYCTpUsACHIA SHEPTUS TEKAMKOPIIHK.

Taanu ubopanap: cys-yemeHnm Hucoamu, 2uopamayus, CmpyKkmypa X0Cu,
OyIUWIU, YeMeHm XaMupu, X08axkaiap, Kanuuiap X08akaiap, 2eiiu X08axiap, Komuul

e6AKmMu, xapaxkamJjaar)ye4aHJiuK, Kaniamiaruil, OfCOZZJZClHyG'-laHJZuK.

2.1. [leMeHT KOTHIIIH KAPAEHH.

Hydration stages

hydration of the cement.
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CHEMICAL REACTIONS

Extremelly important!!!
2C38 + 6H --= C382H3 + 3CH + 120cal/g
2C28 + 4H --> C382H3 + CH + 62 cal/g
C3A +(CSH;-> Ettringite + 300cal/g

LleMeHT cyB OWIIaH apanalITUPUITaHKIa 103 Oepaurad peakiusiap

0 hours

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

[lemMeHT KOTUIINAA CTPYKTYpa XOCHJI OYIUIITMHUHT OONUTaHUIIN

CE 60
Instructor: Paulo Monteiro

IReview — Identify the crystal
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Fig. 1.5, Composition of Cement Paste 21 different sizges of hydmtion.

CyHBHI TOLT XOCHT OYIHII JaBpu/a (ha3atapHUHT Y3rapyII’

® Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005. p.21
" Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005. p.23
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Table. 2.4. Typical Properties of Conctete and Mortar with FPyramemnt

Cemeaent.
Matarizl Comprasswe sfrangthr WRe Hexural Frengithr MdFa
Hardenad Concnate
4 hours 17 3.45
1 day 34 5.52
28 days 68 827
Hardanad hMoriar
2 hours 17 —
3 hours 24 4.1
1 day 41 5.9
7 days 68 10.3

Autamatic / Manuadl 5 litre Heat of hyaration Apparatus
Mortar NMixer.

165mm — =

L Mmm dia
P

LN
0 Senen 1‘ \ - . A
“z—=¥ Split not more than 0.5 mm

—— o (ilnss plates
I /
Jmm =
4]

[{eMeHT KOTHIII )Kapa€HUHU YPraHUI YUYyH ac606nap.8
beToH KOpUIIMAIAPMHUHT X0CCAJIAPH.

beton xopuiiMacuHM UKKU TapKUOWUW KUCMJIaH TAalIKWJI TOTITaH cUcTeMa J1e0
Kapaml MyMKkuH. Bymap — OofioBuM XamMupu Ba TYIAupyBumiapaup. Acocuit
CTPYKTypa XOCHJI OTyBUM OYynu0O OeToH TapkuOuaaru OOFJIOBYM XaMUPH
xucoOnmaHaau. YHUHT TapKUOWTa IIEMEHT, CyB, aKCApUAT XOJUIapjaa MaiiajaHraH
MHUHEpaJ KylmuMyaliap €ku Kyia kupaau. LleMeHT 3appanapu Ba Maiiia TyWHIITaH
KylIMMYajap Vyiadyamyiapy KAYMK —Xamja KaTrra HucOWM 1o3acu  OuiiaH
dbapkiiaHaawiIap, HaTHXKaJa HEMEHT XaMUpUJIa “KaTTHK KUCM — CYIOKJIUK ™ X0JIaTh
103ara kenaau. bynngai cuctemana aacopOLMOH Kywiap, MOJEKYJISIp Ba KauJuIsap

8 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005 p.52-54



¥3apo TabCHUpIANIyB KyWIMPOK HAMOEH OyiIanyd Ba yjap CHCTEMAaHWHT OOFIIaHMIII
JIapayKaCHUHMU OLIHPAIHL.’

beron kopumiMacura XycycHusITIiA OYIraH *uxaTjiapAaH Oupu YHUHT Kyjai
TYIIATYBYAHJINIY, €KU IIAK/UTAaHYBUAHIIUTH, XyMIlaJlaH, OepuiraH IIaKJIHA Oup
TeKUcaa EMUIMO KOIUIAIlld Ba alHM BaKTAa OWp TYpJIUTHMHU Ba MOHOJUTIMIUMHU
caknammaup. Kynai TymanyByaHink 6€TOH KOPUIIMACUHUHT MIAKIHU (KOJUITHH)
TYNIUPpUIT  JKapaéHUJA XapaKaT4yaHJIUTH(OKYBUAHJIUTH), IUIACTUKIUTH, STbHU
épunmacaan AepopMalisUIaHuIIN OUIaH aHUKJIaHAIH.

10
beroHHMHT XapaKaTlaHyBYaHIINT'HU

Horsh
concrete

LW OKQDe

Meadum
workabilty

genaraly
workohiea

Mgy
workable
concraeta

BeToH KopHIIIMaCHHU OCOH KOJIMILIAI, KOMIIOHEHTIAp OpacHIaru
UIIKAJAHWII KyYHHH TACAHTHPHII Ba YHHHT OKYBYAHIUTH OPTHIIHIa KyHnaara
OMUJIIIAP TabCHUP ITAIH:

(a) Kopuuwimaoazu cys muxoopu,

(b) Komnonenmaap nucoamu,

(¢) Tynoupysuunap ynuamu;

(d) Tynoupysuunap waxmu;

(e) Tynoupysuunaphune 103acu meKcmypacu;

(f) Tynoupysuunapnune conumwmupma cupm o3acu;

(9) Dotioananuncan Kywumuaiap mypu a 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 Illustrative Revised
Edition 2005 p.219
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beToH KOpHIIMAaCHHUHT TYypJid MIApOWTIApAa Y3WMHH TYTUINIWHUA Tabpuiiarn
YU4yH YHUHT PEOJIOTHK XapaKTepuCTUKanIapujaH QoiianaHaguiap: CypUIHILIArd
yerapaBul  3YpPUKHUIL, peJlakcaluuss JaBpu Ba  KOBYIIKOKIMK. byHman
XYCYCHUSITIapHH aHUKJIAI YYyH BUCKO3UMETpIIapAaH QoiilaJaHuIaIu.

bynnait Taxkpubanap acocaH WIMHM-TaIKUKOT abopaTtopusiiap/ia amaira
omupmwiaad. Muad yukapuil mapoutiapuaa d3ca ojaaria O0eTOH KOpPUIIMAcCHHU
XapaKaTYaHJIUTUHU (OKYBUAHJIMIHM) Typiaud MociamManap €pAamMuaa Hazopar
Kuiaauiap. by ’kuxo3nap Te3 Ba HUCOATaH O X0J/1a OETOH KOPUITMACHHUHT
3apypuil XapakTepUCTUKATApUHU OJIUIII UMKOHUHU Oepaau.

beToH KOpUIIMaCHHUHT KOWIAITYBYaHIIUTUHA YI4alll

beroHHuHT MNUIOB OepyBUaHIUTH Mypakkad xoccaaup. [llyHuHT yayH aHUK
ynowrapuu Oaxkapumn KuiuHaup. Kymnad TaakukoTumiap TOMOHUAAH Oy XOCCaH!
Vpranum yuyyH TypJd ycyJap Takiaud STWIraH Ba ynap Oaxapuwiuind Oyiinda
Ooup-ompra yxmamgup. Opatna OETOH KOWJIANTYBYAHJIWMTHHU — YioYall y4yH
KyHUJaru CHHOBIIAp OaXkapuiiaiu:

. (A) Konyc uykumm;

. (6) 3uunamryBuaHIMK KO3(PPUIIMECHTHHN aHUKJIAIIT,
. (C) OkyBuannukuau anukJiai; (d) Kemiu cunoBu
. (E) Vee Bee KoncucroMmerp CHHOBH.

| 20 ¥in |

All dimensions in Centimeters

b . —e=si

— g T

True Slump Shear Collapse

o 11
KOHyC YYKHIIWHA aHUKJIall YCKYHACH

1 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005 p.222-234



Slurm  GeTOH  KOpPUIIMACUHMHI  WILJIOB  OEpyBYAHIMIM  BaKOJIMIITa
YKOMITAITyBYAHJIUTUHU aHUKJIAII YUYH HILIa0 yukapwirad. Kypunmamgan Kypuiuinn
MaioHUIa XaM (oiiTalaHuIll MyMKHH.

beton KOPpHIIMACHUHUHT OKYBYAHIIMTHHU aHUKJIAII acooou
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Ymby ac000/1aH KOPUIIMAHUHT KATJaMJIaHYyBYAHIIMIH Ba CYyB axkpaiud
YUKWIIY Yirdaniia GonaanaHiaad

CunKATHII TabCUpHIa OCTOH KOPWUINTMACHHUHT OKYBYAHJINTHHU aHUKJIAII
acooou

Kelley Ball Penetration
Apparatus

Veaae-Baee Consistometer

JlaGopatopus CHHOBJIapuja  BuOpauuss  HaTWKacuga  OCTOHHUHT
YKOMITAITyBYAHJINTUHU aHUKJIAI YUyH MyJDKaJIaHTaH ac000

beron unuiab ynkapui xxapaéHu

Cudarnmu OeroH unuiad uMkapuiga >KapaCHHUHT Xap Oup Oockuuuaa
OaxapuiaJura UIuIapHu cudaTiu KUJIUITHA Tajad dTajlu.

MasbiaymMku Oup Xui KOMIOHEHTIapaaH doigananran xonaa oypiu cudariu
oeron omum MyMkuH. IIyHUHT y4yH 1oKopu cudatiu OETOH OJUIl y4yH
Oaxxapuiaaural WIUIApHU KaHAall Ba cudamim OaXapuiauIlk JIO3UMIUTHHH
ownuImuMu3 3apyp. beroH unuiad yukapuin Kydujgard OOCKUWIApHU Y3 WYuUTa
oJIaJIu:

* (A) KoMrnoHeHT/IapHHU V14ari;,

* (0) Apamamtupui,

* (¢) Tamumr,

* (D) XKoitnarr,

* (u) 3uusarn

* (¢) MwioB Gepumr (mapgosamr).

12 Neville. Adam M. Concrete technology / A.M. Neville. J.J. Brook*. 2nd ed. p. cm. Second edition 2010.
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Concrete has a complex microstructure

Sand Particle

Cement grain
Calcium hydroxide

e
10 microns

Instructor: Paulo Monteiro

Courtesy Prof. K. Scrivener
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Fig. 6.1 1 Stress strain relations for coment paste, aggregate, and concrele

beton MYCTaXKaMJIMTMHUHT CYB-ICMCHT HHcOaTura 6OFJ'II/IK,TII/IFI/I

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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Ha30paT caBoJIapm:

1. beToH KOpHMIIMAaCHUHHUHI CyB TajaO4aHiuru Oyimya 1 m3 OGETOH y4yH CyB
cappuHu.

2. llement capdunu. AHUKIAHTaH IEMEHT MUKIOPHUHM MHHHMAJI pyXcaT
ATUJIAIMTAHUOWIIAH COTMIIITUPHIIL.

3. 3u4 OeTOH KOpHIIMAacUHU ONuII yuyH 1 M3 OeTroHra MaTepuaiiap caphuu
xucoOmarn.

4. beroH TapkuOuHM Maccacu Oyinda HUCOMH Ymuamiap/aa Xucooarl.

doiigasaHuJATran agadouéraap:

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. AxpamoB X.A., HypurmunoB X.H. beron Ba Temup-0eroH Oyrommapu

uiad yukapum texnosoruscu. Jlapciuk (AxkpamoB X.A., Hyputaunor X.H.,
Tomxkent, TAKU, 2010 #inn 592 Ger.



3-maB3y: beTonjap Ba KopuliMaiap ydyyH KUMEBHII KylIumM4aiap.

Pexa:
3.1.beron Ba TEMHPOETOH KOHCTPYKLHUSTIApHH Taiiépnamina
doiinananmiaaurad KymmMyanap KiacCu(puKaiuscy.
3.2.I'panynoMeTpUsHA ONTUMAUIAIITUPUIIIA KYKYyH TYJIIUPrHYIapAaH
doitnananum.
3.3.Maxcyc okopu mycraxkaminkka sra 6eton (UHPC-100-150 MITa).

Tagnu wuOopanap: KuMEBMI KylIMMYanap, KyKyH KylipMyaniap,
IacTU(PUKATOP, CyHepIuiacTU(HUKATOp, KOMIUIEKC KylluMYanap, KOHYC YYKHIIH,
y4yBYaH KyJ, MUKPOCHJIMKA, ToJasap,pudpa, rpaHnyIOMETpUsL.

3.1. DberoH Ba TeMHUPOETOH KOHCTPYKIUsUIApPHHU Taiiépaamaa goiiga-
JAHWIAAUTAH KYIIUMYAJIAP KJIACCUPUKAIUAACH.

beTtoH €kn Kypwinil KOpUUIMAJIApUHUHT 3apyp TEXHUK XOCCAJIAPUHHU OJIMII
YUYyH, IIYHUHIIEK [IEMEHTHU MKTUCOJ KWJIMII Makcaauaa Typiid KyluuMJajlapAaH
¢doitnananunaau. Ogataa yaap UKKU Typra OyauHaau:

Kumésuit kywiumuanap — 6eToH KOpUIIIMacHura )yjaa 03 MUKIop/Ja (IleMEeHT
Maccacura Hucoaran 2% rada) Kynuimb O€TOH KOpHUIIMAacH Ba OETOH XOCCACUHU
3apyp WyHaIMIIA Y3rapTUPUII UIMKOHUHU Oepajiu.

Maiiun Kuaubd myuuizcan KyKyH Kyiiumuaiap - 1eMEeHTHI UKTUCO] KNI
yayH (poiinananub, 314 Ba MyCTaXKkaM OSTOH OJIMII MMKOHHHE Oepammmap.™

14 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005
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Table S.22. Classification of AdmixturesS.-20
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iatomaceous easth
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Hydrated lime
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CTiround lrmesione

_ Bensocoite

VR 15
Kumésnit KylnlnMYiaJIapHHUHI KJIaCCI/I(I)HKaIII/IHCI/I

KuméBnii kymumuaigapaan ¢oigansannm — Oy OCTOHHUHT TEXHHUK
XOCcajlapyuHu OOILIKAPUIITHUHT HT KyJaid Ba OAJIUU ycyluapaaHn Oupu OYnuo0,
UIUIa0 YUKAPUIIT TEXHOJOTHUACHUHM XaM OOIIKapUIl MMKOHWUHU Oepanu. ABBaj
OeToH Taii€prnaniia Typau KUMEBUN MaxCyJnoTiap/iaH Ba CAHOAT YMKUHAWIAPUIAH
dbolinananunarad. XO03Uprd BakTAa OCTOH HUILIA0 YUKApWIIL  CaHOaTUJa
dbolnananunagural Maxcyc Tai€piianrad Kymumyanap/iad Qonaianuiaam.

KuméBnii Kymmmuaiaap TabCUp caMpacura Kypa Kyiuaaru cuidgJiapra
OyimHaam:
* beToH xoccanapuHu OOIIKaApYBYM KyIITUMYasiap:

— CyB ynuiab TypyBYM — OETOH KOPHUIIIMACHAAH CYB aXpalu0 YUKUIIHMHU
MaCauTUPYBUYU KyIIMMYAIIAP;

— IlnactuknoBun — OETOH KOPUIIMACH XapaKaTIaHYBUAHJIUTMHHU OIIUPYBYH
KyIIMYaJiap;

— CrabwuioBun — O€TOH KOPHUIIIMACHMHHU KaTJIAMJIAHYYaHJIUTUHU OJAUHU
OJIyBYM KyILIMMYajap.

*BeTOHHUHT KOTUIIM Ba OCETOH KOPUIIMACHHUHT THUIUIAITUIITHHA
OOIIIKapyBUM KyIIMMyaiap:

— beroH KOpUIIMAaCMHUHT THUIUIAIIUIINHU TE3JaTyBYM (CEKMHJIATYBYM)
KyluuMyasap;

— DbeTOH KOTUIIMHY TEe3J1aTyBYu KyIIUMYAIap;

— DBeToH KOTHMIIMHU TalllKi MYXWTHHUHT MacT XapopaTuja XaMm KOTHIIWHU
TabMUHJIOBYM KyLIMMYAIAp.

*beroH KopuiIMacu Ba OCETOHHUHT FOBAKJIUTH Ba 3UWINTHHU
OomKapyBYH KyIIuMyasap:
— T'a3 xocwi1 KuilyBuM Kylmiumyasap;

15 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005. p. 199



— XaBo anbd KWIyBYM KyIIUMYamap;
— 3uusnoBuu (OETOH FOBAKIAPUHU KOJIMATAIUs KWIYBUYHM) KylIMMyasap;
— Kymuk Xxocus1 KW1yBuUM Kylumyanap.
*beroH nedopmanusacuHu OOMIKApyBYH KyliuMyaap.
* BETOHHUHT XMMOSI XOCCaJJapUHU OIIMPYBYM Ba METAILII KOPPO3USACUHU
CEeKMHJIAIITUPYBYM KylIUMYaiap.
°T) MaxcyjloTjapra HaMm-HCCHK HWUuIoBH Oepum BakTMHM 40%raya
KUCKAPTUPHUIL, KOJUIZAAH €YUO OJIMILIHU, MOHOJIUT KOHCTpYKLUsIapra oK
KYWHII BAKTUHU TE3JIAIITHPHUILI;
*J) KUII BakTUAAa KOJIMIUIAHTAH OETOHJapra HMCCUKIMK WIUIOBUHU
O6epMaciaH KOTUPHILL;
*¢) OCTOHHUHT COBYK TabCHpHUTa YHIAMIIMIIMTHHHU 2-3 Ba yHIAH Ky
MapTa OLUMPUILI UMKOHHUHH;
*>K) OCTOHHUHT 3UWINIY Ba YTKa3MacCIUrUHU 1-2 MapKara OpTHUpPHILL
*3) OETOH Ba TEMHUP-OCTOHHUHT TYpJIM arpecCuB MyXHTJap TabCUpUTa
YUJIAMIIUTUHU OPTUPUILL.
KymmMyanapHuHr aJ10Xuaa Kiaccu(puKanus rypyxXJIapuHUHT Tabpu@Jiapu.

* IInacuxknoguu Kyuiumuanap— 0eToH KOPHIIMaJIAPUHUHT
XapaKaTIaHYBYAHJIUTH  €KM  JKOMIAIyBYAHJIMTUHU  OIIUPYBUM  CUPT-Gaoi
Xxoccanapra sra Monjanap. Temup-O€TOH KOHCTPYKUUSUIAp TEXHOJIOTHsCHIA
KYIIUMYaJIAPHUHT TJIACTUKIIOBYM caMmapaiapujiad (GoianaHuIl MaxcCyJoTIapHU
KOJIMIUIAIIHUA OCOHJAIITUPAAN KM XapaKaTJIaHyBYaHIMTMHU CaKJIarad Xojja CyB
MUKJIOPUHU KaMaWTHUpHUII Ba UIYHUHI XucoOWra OETOHHMHI FOBAaKJIUTUHU
MacalTUPUI, 3UYJIUTH, MYCTaXKaMJIUTMHU OLIMPHII Ba OOIIKa XOCCalapyuHU
AXIIWIAII UIMKOHUHH OepajH.

* Cmaounnosuu Kywiumyanap — OETOH KOPUIIMACUHU KaTJIaMJIAHULIUHU
nacaiftupunira €pram 6epyBur MoaIanap.

* Kynuk xocun Kuaysuu Kywiumuanap — 3apyp XaKM OPTHUILHWIa Ba TYPFyH
TEXHUK KYNUK OoJumBa OETOH  KOpUIIMAach  KOMOHEHTJIapu  OwiiaH
apaJlaliTUpWIraHaa s4YelKaiu €KUM CEOFOBAK CTPYKTYpPaHM XOCHJI  KHJIMLI
MMKOHHHH OepyBun cupT-(aon Mogaanap.'®

* Fosak xocun Kuayeuu Kywiumuaiap — OCTOH TaHACHU]IA MAKCAIJIA XaBO EKU
ra3CMMOH FOBAKJIAPHU XOCHJI KWJIUIL UMKOHUHH O€pyBYH MOJAajap.

* bemon _Komuwiunu _Oowikapyeuyu — OCTOH MYCTaXKaMJIUTMHHU OPTHUIIU
KMHETUKACUHU 3apyp MYHaIMIIIA Y3rapTUpyBUH (T€37IaTyBUM €KM CEKHMHJIATYBYN)
Mozananap. KoTuiiHu Te3namTupyBUM KyIIMMYalIapHU KYIIUII KUCKA BakKTiIapaa
3apyp MyCTaxKaMJIMKKa SPUILUIL, 0ab3u X0JuIapa I0KOPU CYHTU MyCTaXxKaMJIIUKKa
SPUIIUIIT UMKOHUHU Oepaiu.

* bemon_mycmaxkamaucunu_owiupyeuu Kyuwiumuanap - OCTOH 3UWINTUHU
OpTUPUO, YHUHT CYB YTKa3MacllMK Ba COBYK TabCHUPHra YHJAMJIUTHUHU, MabIIyM

'® The Science and Engineering of Materials, Sixth Edition. Authors Donald R. Askeland, Pradeep P. Fulay,
Wendelin J. Wright. 2011.
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XOJUIapIa TYpPJAU arpecCUB MYXWUT TabCHUPHAA KAUMEBUM YMAAMIIMTHMHU OLIUPHILL

WMKOHUHHU OepyBuH (CYB capPuHN KaMaWTUPYBUH ) KyIIUMYaJIap.
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Kuméuit kymmmuanapaad GoilgaiaHuIn puBOXKU

* CosyK mavcupuza Kapuwiu_Kyuiumuaaap — CyBHUHI My3Jall XapopaTUHU
nacaWTUpyBUd Ba OCTOHHM caJOWMi XapopaTaa KOTHIIMHH TabMHHIOBYU
Mo 1anap.

* luopoghob106uu _Kywiumuanap — FOBAKIAp Ba Kanwuisipjiap JI€BOpUTa
rupodo0 (CyB UTapuill) XoccalapuHu OepyBYU MO Aaap.

7 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005. p.146



CyB-uieMeHT HUCOaTH.

CyB-ieMeHT HHcOaTH OETOH XOCCalapuHU OEJNTHJIOBYM OSHI MYXUM
napameTpJiapaad OUupuaup.

Hazapuii »xuxatmaH NEMEHTHHUHI Tyja THUApPATAUACH YYyH YHUHT
Maccacura Hucbatan 22-25% cyB Tanad C-)TI/IJIaIII/I.lg

Amaina 3ca 3apyp cyB MUKIOpH 33%HHU TallIKWJI dTaIu.

Ym0y neMeHT yuyyH CyB MUKIOPUHH MAaCaWTHUPHUII Ba LIEMEHT 3appajapuHu
Oup-Oupura SKUHJIAIITHPHIL YIyH Ba 11y OWsiaH OMpra KOTraH EMEHT TOIIMHUHT
3UYIUTHMHA OUIMPHII MyXHM Macaiagup. by sca mMycTaxkaMJIMKHHA OpPTHIIM Ba
YTKa3yBYaHJIMKHU MACAaUTUPUIITA OJIMO Kelau.

beton Ba TeMup OeTOHIap yUyH KYKYHJIU KyIIMMYaiap

18 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour llustrative Revised
Edition 2005
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FIGURE 6.7 Typical age-strength relationships of concrete based on compression tests of 0.15x 0.30 m (6 x 12 in.)
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)



HCMEHT TOIIHHUHI FOBaKJIapH

* beron wycrta\kamuurn Ba YMPOOKHIIUTH XaXMHHUHT Y3rapMaciiru
IIEMMEHT ITaCTACUHUHT TuapaT dazacura OOXJIUK.

* Kotran nieMeHT nacracuja UKK{ Xuj FOBaKIap XOCHJ OYau:

* - reJIbJId XOBaKJIAp;

* -Kanwuisip FOBAKJIAp.

* Opartna 0eToH TapkHOMIa XaBO XaM MaBXKy]l OYiaau.

I[{leMeHT TOINMHUHT FOBAKJIAPH
['ens roBakmapu C-S-H xatnammapu opacuaaru Kanwaymra 0,5 maxH to 2,5
HM Taua GyiraH ¢a3o. V3 nunra Kartaamiaapapo (pa3o, MHKPOFOBAKIIAD BAa KUUYUK
M30JIALMSIAHTaH Kalwuisipiaap FOBarvHUW Y3 Wuura ojagd. MycTaxkamiiuK Ba
YTKa3yBUaHJIMKKA KaM TabCUp 3Taau. Kupummm Ba CHDKUIITA TabCUpP STHILIN
MYMKHH. "

|Ir

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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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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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.
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» Cuxkuuniaaru 1kopu Mmycraxkamiauk (150-230 MIla)
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* beTOHHUHT TEXHOJIOTUSACU HOKOpH

Composition of UHPC

Silica fume

PCE -
superplasticizer

Quartz powder

water

Micro steel fibre

cement

Basalt gravel

Quartz sand
Aneu mauépnanzan UHPC xoccanapu

UHPC mycraxkamiaurura

* XOM ami€ TapKuou

* apajamTHPUII
Cynepruiactugukarop TypH Ba
MUKJOPH TabCUP ATA/IH.

UHPC nusr 6up yku 6yiinua
CUKWJIMILIATU MyCTaxKaMJIUT U




Properties of UHPC in Uniaxial Compression
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Table 7.8. Composition of Experimental Concretes Produced in a
Ready-mix Plant™" (Iln W.5.A.)

Concrate fype Feference  Hiice fume Ry ash Sag + silica fume
Wiic + m) .30 0.30 Q.30 0.3 0.25
Wiatar kgfm* 127 128 128 131 128
Cament
ASTM Typa Nl kg m* 450 425 355 228 168
Hlica fume kg m* - 45 - 45 54
Fly ash ka/m® - - 95 - -
Sag ka/m® - - - 183 320
Dalamite limesona 1100 1110 1115 110 1100
Coarsa aggragala kgl m*
Fina aggregates kg m* B15 g10 B10 B0 a0
Siparplagticizer™ Lfm* 15.3 14 13 12 13
Hump after 45 minutas (mm) 110 180 170 220 210
Srength at 28 day  (MPa) 949 110 90 105 114
Srength at 21 day  (MPa) 108 118 111 121 126
Srength at 1 year  (MRa) 118 127 125 127 137
* Sndiurn ==t of a naphthain aulphonate
Vra roxopu MyCTaxKaMJIMKKa 3ra OETOHJIapHUHT TapKuOJIapu
Tab. I Examples of mix proportions and resilis o mechanical sirengih
Type of materlal unit | Mix1 Mix2 [Mix3 | Mix4 | Mix5 | Mix 6
CEM IVA-5 42,5 R + slag + microsilika kgm' | K3l R70 | 026 | R4D | RRD | 980
Grround quartz filler kgm' | 0 1 235 | 1o 50 5
Steel microfiber 1340,2 mm kgm' | 100 120 | oo o120 1200 | 120
Sand 0:4 - type | kg'm' | 1216
Sand (12 - type [1 kg/m’ 871
Sand 072 - type 11 kg'm’
Sand 02 - type [V kg/m’ |235 LIs0 | 17T | 10
Super plasticizer kg'm' | 40 4 4l 0 k[l b
Water kgm' | LGS 160 | 165 | 160D | 16D | 160
Test results after 28 davs of caring In water - EN 19%-1
Bulk density kgm' | 2380 2450 | 2400 | 2430 | 2450 | 2470
Compression strength MPa | 1435 033 | 15235 | 1633 | 1755 | 189
Bending strength MPa | 280 3l e 2 M2 | M

UHPC Ttapku6u (Macca 6yiinua, %)>°

20Yail J. Kim. Recent Advances in Ultra-high Performance Concrete. J Rec Const Resources Vol. 1, No. 3 1(3)163-172(2013).




Table 3 Composition of materials far UHPC (percent by weight)

Compreaive
Reference Cement WIC ralin Fiher SCM Cuarlz powder | Supér-phuticieer | Sasd L
ilrenpih
B&C % .23 T 5] %S i 1% 4% 2nn MPa
HRaonngau e 5 .27 515 DA F) L] g 1% 190 MPFa
HIER I .14 i) 8uSF) [ Th 4% 6l MPa
k&L 11% 019 i) THa5F) 114 1% 5% 200 MPa
WEL 135 .21 0O0T(CHT ER%d5F] i 0% 44% 198 MPa
Ahlbien it .21} R TRY P Pra 1% Pre 198 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 Tapkuon,%
Wbl
Fee s ol el el LOHIMSE
bl alrriak uHMC AR L=
T e ws™ [y |
CER I S35 R o I | 12 i W
L i il £ DEES (8]
aarce LTS3
Bl e el 21837 Z213.7 2187
= el -2 F T N L == B L= B
LIRS o] =13 =17 =37
W e EOCE SO e 1 AN |
Surpe L m S5O 5 g
W el e el i LR [ Bl [0 ] [t e ]

Kyiimiran Kopuuma o3acu «®@ui Tepucu’ yxXimarad sHru Tanépiaanrad
o 21
UHPC xoccacu (TaiépyaHrangad TaxMuHaHd 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

-
J

0)
Upper chord _@

Tension
element

UHPC-joint

LA
-

Post

UHPC-joint

Lower chord

@

The Gartnerplatz Bridge
Bending Test

Crack spacing << Crack width <<

I_j STATIC EQUILIBRIUM

The Gartnerplatz Bridge

Structural Analysis




The Gartnerplatz Bridge
Precast UHPC Element for upper chords

UHPC - Stair without Conventional Reinforcement

Comparison

Conventional UHPC-
stair stair

Concrete 0,850 m? 0,205 m3
volume

Mass 2.125 kg 515 kg

Figure 8: Four bending test. Example of defiection observed with sprayed Ductal” mixes at 28d
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Hasopar caBoJsiapu:

1. beToH KOpUIIMacHHUHT CyB Tajla0yaHiuru Oyiinua 1 M3 OETOH y4yH CyB
capunu.

2. llement capdunu. AHMKIAHTaH LEMEHT MHUKIOPMHU MHUHUMAI pyxcaT
ATWJIAIMTAHUOWIIAH COMIIITUPHILI.

3.3u4y OEeTOH KOopuIIMacWHU oiuin yuyyH | M3 OeroHra Marepuaiap
capduHM XHUcoOIanl.

4. beToH TapkuOMHU Maccacu OViinua HUCOMM Ydamiapaa Xyucoomaril.

doiigasaHuITraH 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., Hyputauno X.H. beton Ba Temup-06eToH Oyromiiapu
unad uukapum texHosorusicu. Jlapciuk (AkpamoB X.A., Hyputaunor X.H.,
Tomkent, TAKH, 2010 #inm 592 Ger.

4-maB3y: MoHOJHUT Kypuani/
Pexa:

4.1. Ymymuil MmabliymMoOTIap.
4.2. Kyiima 6eToH. Xoccanapu.
4.3. doiganaHUII coXallapHy.

Taanu ubopanap:. mononum 6emon, onanyoxa, bemoHHu napsapul KUIuu,
OemonHu Kyuuut, OUKPIUK, HCOULAULYBUAHIUK, OKYSUAHAUK, KYPYK UCCUK UKIUM
wapoumu, caiboull xapopam.

4.1. YMymuii MabJayMoT.Iap.

MoHoJUT KypMJIuIl — TeMUp-OeTOHAaH OMHO Ba WHOOTIApHU Oaprio
KWIWII TEXHOJIOTHICH OYn0, y KUCKA BaKT WYWIa Xap KaHJal OanaHJIMKIard Ba
makiagardy OWHO Ba WHIIOATIApHW Oapro JSTUII WMHUMKOHMHH OepyBYH
TEXHOJIOTUSTUP.

MoHOIMT KypuIMil KyiHIaru acoOCUii TEXHOJOTHUK 00CKUWIapAaH uoopar:



* Apwmarypa KapKacillapuHy ypHaTULI;

*  OmnanyOka (KOJUIUIap))HU YPHATHIIL

* beToHHU KyWul;

* Kyitunaran 6€TOHHM UCUTHIN (KUIII BAKTHU]IA);
* beToHHU mapBapuIll KUJIHIIL

*  Konunnapau eun6d onuml.

MoOHOJIUT OETOHHUHT AB3AJLTHKJIAPH:

* MnutapHuHT Te3 OakapuiIniimg;

* HamyHaBuii Kypwidill 3JIEMEHTIapura OOFiIuK Oyiamarad xoJija OMHOHUHT
XOXJIaraH MIaKJIMHYA TaHJIAIl UMKOHUSATUHUHT MaBXKYJIUTH;

* YoKIapHUHT WYKJIUTA OWHOHUHI TOBYII Ba WCCUKJIUK H3OJSLUSCUHU
AXIIWIANINA, Tap3iap KETUIIMHUHT OJIU OJIMHAAW, OWHOHUHT Ba3HHU IMacasu,
KOHCTPYKITUSI MyCTaXKaMJIMTUHUHT OPTUIITN YHUHT YMPOOKUUITUTHUHHI OPTUPAJIU;

* FOKopu COBYK TabCHUpUTa YUJAMITUIIUK.

IOxopunarunapra kapamaili MOHOJIUT KYPWIHMIIHUHI MabiIyM Japaxana
KaMYWJIMKIIAp MaBXKY/]

-KapKac —IMaHeJUIM KypWIHIIra HUCOATaH MEXHAT Ba XapaXaT >KUXaTUAaH
IOKOpY;

- UH)KCHEPJIMK TU3UMJIApU Ba MYpuiap aBBaJJlaH Ky3/la TYTWITaH XOJija
0apro STUINIIN KepaK, YyHKH KeMMHYATUK MabJIyM Y3rapTUPHIILIIAPHU KUPTU3HIILL
KUUMHYWIMKIIAD TYFAUPAIN;

- Berommam wmutapu +5°CoaH 10KOPH Xapoparia OaKapHUIHIIM JIO3HM,
IIYHUHT YYyH KWII KyHJapu OCTOHJAII WIUIApU OETOH KOPHUIIMACHUHU WCHUTHUII
(Gaxxapmiagural UIUTAPHUHT CU(PATHHU TTACAUTUPUIIT Ba SHEPTHS XapaKaTIapHUHH
optulMra onud Kenagau), €KUM KUII BakTiIapuaa OETOHJAIl WUIUIAPUHU OakKapuil
MMKOHUHHU OepyBYM Maxcyc KymmuMyaiapaad Goigaianuin 3apyp.

- FOkopu  MycTaxkaMJIMKHM Ba  KOHCTPYKUMSIHUHT  MOHOJMTJIMTUHU
TabMUHJIAII YYYH OETOHJIAll MIJIapy Y3JIyKCM3 Ba OWp Hewa WyHaIMIIIa
OakapWIHIIH JIO3UM;

- beToH KOpuIIMacuHU 3HU4jall HUXOATAAa cU(dATiu amManra OLIMPHINAILIN
3apyp, aKC X0JIJ1a Xap KaHJal xapakaT caMmpacus OVIUIIN MyMKHH;

- Temup-0eToH AeBOpiap IOKOPH HMCCUKJIHMK YTKAa3yBUAHJIUKKA dra, ITYHUHT
YVUyH KYIITUMYa UCCUKJIUK U30JISIIMS UIITApUHU Oaxkapuill 3apyp Oynanu;

- MOHOJNIUT KOHCTPYKIUSJAP XOHAJapJard TOBYII HW3OJALMSICUHUA E€Tapiu
napakaga TabMHHIA0 Oepa onMaiiam (aifHMKca 3apOajaH o3ara KellaJuraH
TOBYLLIApA.
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MonosuT Kypriniaa goiiagaHuiaad 0€TOH KOpUIIMaiapy KypcaTKUYJIapUHUHT

MEBEPHU
JKoiinairyBuyaHink
JKolnanryBuaHinuk e e
Oyiinya Mapkacu GuxpmK, C XapakaTjaHyBYAHIIHK, p

’ cM
XK1 1-10 - Vpraua 6uxp
I11 - 1-8 KaMbapakaTyaH
I12 - 8-16 XapakaruaH
I13 - 16-24 FOxopu xapakaTuan
114 - 24u Goree Kyiima

Typau KOHCTPYKIMSUTAPHU OCTOHJIAIT YIYH O€TOHKOPHIIIMACH
KYpCAaTKUWIAPUHUHT TAXMUHHUN Japakacu

XapakaTiaHyBYaHIMK
Koncrpyknuusa typu (KY), oM

[ToiimeBop Ba MoJuIap OCTH TYIIaMacu 1-2

Maccus, apmaTypanianMaraH Ba culipak apMarypajaHraHl 2-8
Kapxkacnu, Temup-6etoH (mutanap, Oankanap, KOJIOHHANAp) 4-12
314 apMarypaiaHrad TeMup-0eToH 8-16
Apmatypananmarat Oyprynad KMprauiaaaurad Ko3ukiap 8-10
Apwmarypananras Oypryinal Kupra3zuiagurad KO3UKJiap 12-16
Bocum ycynuna 6eTonnanaaurad Oyprynad Kupra3wiaaural 16-24

KO3UKJIap

[axTanap 16-20
Kylnmaguran 1erauy Ba 3ud apMaTypajlaHraH 20-24

KOHCTPYKIHAIAP

* Orup 6eToH kiaccu Kuppanapu 150x150x150 mm O6ynran HamyHanapHu 28
KyH HOpMaJl IIIApOUT/Aa KOTTaHJaH KeHWH MyCTaXKaMJIMKKa CHHAJINO aHWKJIaHAIH
Ba Kyhmmaruda Oenrmiananu - B3,5; B5,0; B7,5; B10; B12,5; B15; B20; B25;



B30; B35; B40; B45; B50; B55; B60 (I'OCT 10180-90). beron knaccuman
cukwmmary Mmycraxkamiukka (Mlla) yrum yayn B 0,778 koaddunuentura
oynmuuamu. Mucon yuyn B10 kmaccu yuyH yprada myctaxxkamumk 10/0,778 =
12,86 Ma ra tenr 6ymagn.”

* COBYK TabCHpWra YHJAMIWIMK OYyiiMya ofup OETOH MapKalapu
kyhunarmwtapaup:F50; F75; F100; F150; F200; F300; F400; F500 ('OCT 10060.0-
95), cyB yTkazMaciuk Oyiinua mapkanapu 3ca W2; W4; W6; W8; W12

Enruni 0Oeronyiapauur rascugiapu

CoByk
VYpraua Tabcupura  HMccukimk
MycTaxkamimk o
beron typu 3UYJINTH, o YUJAMIIWJIMK YTKA3yBYaHIIAK
3 Oyinya KjIaccu ..
KI/M oyiinya ko3 punrieHTH
MapKacu

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

KoncTpykuunon-

UCCHUKJIMK 800-1400 B3,5-B12,5 F75-F150  0,23-0,64
U30JIALUSIIOBYU

Mcemimit 500-800  B1-B3,5 berrniar 4 17.0,29
U30JIALUSAIIOBYU MaraH

MoHoauT 6€TOH KOpUIIIMAaCUHU Kyiuaaru ycysuiap €épaaMuaa 3udiiail MyMKHH:
* (A) xynaa 3uunan;
* (A1) TpamOoBKaa;
* (b) BuOpamus €paamMuaa 3u4Iall;
* (51) muxu BuOparop €paaMuaa 3UUIALLL
* (IT) Onany6ka ra ypHaTUITaH TalllK¥ BUOpaTOp €paamMujia 3udjan;
* (IT1) ¥O3anu BubpaTopiap Epnamuna;
* (IV) Petikanu BuGpaTop épaamua;
* (V) Bubpokarok;

* (VI)Tutparui Ba 00CHMM OCTHA 3MYJIAII Ba OOIIKaap.

8 Li, Zongjin, Dr. Advanced concrete technology / Zongjin Li. WILEY. 2011.
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Table 8. 7. Characteristics and Applications of Immersion Vibrators

5. No. Charaderistics of Vibralor Application
Lengit of Diameter of Recommended * Recom mernded
the Wibrat- the LWibratimg fregquency of witrration Acce-
ing Needle Needie vibrration under leration fopera-
no Load Sate, tion i Air), Min
Min Viteration
mm mm WA o
i) i2) (3} i) i5) (&)
i up lo 350 up 1o 35 2000 30 1o 50 Rastic, workable concrele in very thin members and
confined p and for f of "y teat

spedmens. Sutable a5 an auxiliary to larger vibrators
in presiressed work, where many cables and ducts
caus: congestion in the forma

iy 250 to 500 Over 35 SO00 Over 30 Pastic, workabble concrete i thin walls columns,
up 1o 60 up 1o 60 beam s precas! pies, kghl bridge decks, and along
construction joinia.
i) 250 to TOOD Over B0 TOOD Over B0 Pastic, workable concrete in general construction,
up o 75 up 1o 73 such as walls, columns beams, precad ples, heavy

fhoora, bridge deck and roof slaba. Auxilary wbration
adpcent fo form s mass concrele and pavem enis

i) i2) (3} f4) (5} (&)
{300 to 450 Over 75 T000 Over 75 Mass and dructural concrete deposted in increments
up to 80 up to 80 up to 2 m? in heavy construction in relatively open

forms, in powes houses, heavy bridge piers and
foundations and for auxiiary vibration in founda-
fions and for auxliary vibration in dam construction
near lonms and around embedded ems and reinion-
cing stesl.

¥ 200t 475 Ower 90 8000 Ower 90 Mass concrete contaming 15 om. aggregate
deposited in incremenis up 1o 8 m?, in gravilty dams,
large piers, masive w alls, efc. Two or more vibrators
will e required to operate smuitane cusly to m et

dow n and conmbdate incem ents of concmie of 4 m?
of greater volum e deposted atone time in the forma.

* Vo lbwe of o ccelorotion meamered in conerete should mnof be less then T4 percomt of the valses given above.

FoAcceleration dwe o graviy,

Flate Vibratar Screaed Boord Viorator
Needie Vibator Neeadle Vibrator
IRy VI eeice Electric Petrel

BeToH KOPUIIMACHHY 3U4IAII YCKYHAIAPU~

24 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005 p.267-268
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BeToH MyCTaXKaMJIMKKA Te3 PHIIHIINTA KyHAIArHIap TabCHp STHIIN MyMKHH
* (A) beron mmkacTianumTa Gakat KUCKa BaKT 03 OCPHIIN;
* (b) beron snemeHTnapura Xyjaa KUCKAa BakKT HWIIOB OEpUIl MMKOHUATU
oynca;
* (C) Kypunuiin Maii JOHUHT TOPIIUTH;
* (D) umunap erapnu gapaxana cuaTin TAlIKUI STUIMACA;
* (E) omanybka MHUKIOPMHHHI KaMJMTH, €KH 3apyp Yia4amJarda
OITaTyOKaTaAPHUHT CTHIIMACIHTH;
(D)keiiHrn  KyHuIm uWOUIApUHUA OaXKapuIll ydyH oOmnajdyOKaHW BakTUZa €4uo
OJIMHMACIIUTU
beronra rokopu xapopartia TabCUp STAUPUII KylHuaarnda 0a>kapriInuii MyMKAH:
(A) Tabunii mapoutaa (ogauii armochepa bocumma) OyFIiar;
* (b) rokopu 60cUM OCTHIA TEPMUK UIILIOB OCPHILL;
* (C) Undpakuzun Hypiapu OMIaH UILIOB OEPUIIL,
* (D) Dnextp TOKM €paaMuia KOTUIIHH TE€3MAIITUPHUILI.

Beam undear sfeam curing

% Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005 p.281-283

% The Science and Engineering of Materials, Sixth Edition. Authors Donald R. Askeland, Pradeep P. Fulay,
Wendelin J. Wright. 2011.
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Curing temperaure, “C

MoHOMUT KypuiHI >kapaéHuia KyiiMa OeTOH KopHuIIMacuaaH ¢GhoiiganaHuIn
KyHUJaru acocuii MacajalapHu XaJl KIIUIITa KapaTHIIraH:

- MycraxkaMJIMKHUHT KaHJaWIMTUIaH KAaTbUi Hazap KaTTUK ¢asza OuiaH
TYUMHTaH TEMEHT eJIMMHUHU Talépiam Ba WIOXKH Oopuya ILEMEHT 3appajiapu
TUApATAUACUHU TYJIUK KETUITUHU TabMUHIIAILL

- beron Tanacuma maiiaa map3nap XoCuiI OVIUIITMHNA KaMaWTUPHIIL;

- BeTOHHUHT NOWMXaBU MYCTaXKaMJIUTUHU TabMHUHJAII Ba SKCIUTyaTalus
XOCCAJIapUHU TAabMUHJIAII YYYH 3apyp MHUKIOPJArd LEMEHT EJIHUMH XaXKMUHU
XOCHJI KWIMIIHM TabMUHIA0, IeMEHT cap(uHU mnacaTupuil OuiiaH Oupra cys
capduHK XaM nacaifTupHIIaH noopar.”’

- XOCHWJI KWIMHTaH LIEMEHT €JIMMHU TYJIAUPUYBUHIIAP 3appaapUHUHT F03aCUHU
KOIUJIaIira €TMIIMHU TAbMHUHIIALI 33apyp.

- Kyiima Gerongan Oeronmiam €paamMuja IOMKa, 34 apMarypajiaH-raH O0eToH
WHIIOATIAPUHU 0aprio TUII OOIIKA TEXHOJIOTHsIapra HUcOaTaH y31yKCU3IUKHU
TabMUH-Jall, 0ETOH KOPUIIIMACUHU ETKU3UII-HUHT IOKOPYU MHTCHCHUBJIMTUA OWUJIaH
aXpanub Typaau.

2" Li, Zongjin, Dr. Advanced concrete technology / Zongjin Li. WILEY.
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Hopper

~ Imlet valve chosed

Pistim

Hopper

I e lEler valve apsn
Duales valve ¢1o=s|¢d o~ e

Fig, 7.4 Direct-acting concrete pump
(Based on ACT Maneal of Concreie Praciioe.)

28

beron Hacoc uniant IIPUHOUIIN

Mosoisut opaénmainap Typiapu

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

Edition 2005 p.251
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Rebars 3+ 12 mm dia
Crap 35 mm
1)
HiX)
2
i 150
' H.
0-200 (1-41X)
SO0}
Concréte flawing through L-Box
Fig. 12.27. L-Bax Courfasy : Hingduston Covistrucion Campany
raare e I
Caoncrete passing thrvough U-Box
Cowtasy - Hindusran Cansfaechon Caompany
Table 1Z.16. Shows Typical SCC Mixes in Japan 1Z2.17
ingrediand Fowder Type Wildd Type Combinad Type
Walter kg'm? 175 165 175
Cameant kgl m® 530 220 238
Ay ash ko' m* ¥O o 206
SGEFS kgfm? o 220 0
HSlica Fume kgd m? (1] 0] (1]
Ea kgt m® 751 BTO To2
C.A kgfm® TES B25 &71
High, Rangs Water reducang 2.0 4.4 1006
admitures kafm®
WAL kg m 1] 4.1 00875
Hump flow tast dia. of 625 B0 &80
spread mm

HNkku TOMOHM TEKUC opaénmManap
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Hxku Tomonn BaiucMOH opaénmaap

Tremie feed hopper

Tremic smth bore pps
wilh watenmight quick-action
jovinis

Water level

Enal of tremie immersed
i gansrele unbl pour

Fig. 7.0 Underwaler concreting
{Based on COMCRETE SOCIETY, Underwater concreting,
Techmical Kepert, Moo 3, po 13 ( London, 19710,



Ha3sopar caBosuiapu:

1. beToHHUHT  AacTHabKM  MyCTaxKaMJIMTUTa  JPHUIIMIIUTA  SHEPTHUs
TabCUPUHU KaHAAl NU30XJIalll MyMKHH?

2. beroH Ba TeMHpPOCTOHIAH MaxCyJOT HWNUIA0 YHKAPHIIAATH DHEPTHS
capdu MUKIOpH HUMaapra OOFJIUK?

3. beron Ba TeMupOeTOHIAH MaxCyJOT HIUIA0 YHKAPUIIAA SHEPTUSHU
KaHaal ycyiap €paaMuia UKTUCO ] KWJIAI MyMKHUH ?

doiigananniarad 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-06eToH Oyromuiapu
nnad uukapum texHonorusicu. Jlapcimk (Akpamo X.A., Hyputauaor X.H.,
Tomxkent, TAKH, 2010 i 592 Oer.

V. AMAJIMIA MAIIFYJIOT MATEPUAJLJIAPA

1-amanuii Mamrya0T: BeTOH Ba TeMup-0eTOHAAH TAPUXUH Ba 3aMOHABHIA
KYJUIAHWJITAaHU TaXJIHIIH.

Mamrynoraan makcaa. Kanumuii Ba 3aMoHaBHii O€TOH Ba TEMHPOETOH
niu1ad YuKapuil Ba (poranaHUIIIard SpUIIMITaH IOTYK Ba KaMUMJIUKIIAp XaKuaa
MabIyMOTJIApHU Y3JIAIITUPUIL Ba XO3UPTH BAKTAA COXaJa SPUILMITAH FOTYKJIap
OWJIaH CONMILITUPUILL.

Macananunar kyimmm: https://www.youtube.com/watch?v=8uQmvjMNaoc
caiituma National Geographic TomoHumaH >xounamTupwiran «beToH» HOMIU
(UIBHU KYPUIIT Ba TaXTHJT KUJIAIIL.

OuIpbHUHT Xap OWp MaB3yra OarvIlJIaHTaH KUCMHJIAH KEWHH TUHTJIOBYMIIAP
KyHuJara MacajiajiapHi Myxokama 3THO 3 Gpukprapunau Ouinaupaauiap.

Myxokama y4yH caBoJuiap.

64


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

1. Kamuvmuit  Geronmmap. Ilymmoman  kymumyamap — Oorika
KyluMyanapiaH Kahcu skuxatinapu Ownad axpanu® Typamu. Fumr
Maifiac (KyKyHH) Kymum4a cudaTtuaa Kanaad camapa 6epaau? Xo3upru
BakT/Ja Oy coxaja KaHaal TapkuOimapHu ounacus?

2. ['uapoTexHuK wumImoariap y4yyH OeToHJiap. BeTOHHUHT CyB
YTKa3MacIUITMHA OIIUPUII YYYH KaHAal dYopajap KYpPUIIHU TaBCHUS
sracu3? beToH KOTHIIMIAr¥ SK30TEPMUSIHM KaHAal ycyiuiap OwiiaH
NacalTUPHUII MyMKHUH?

3. Monomut Kypunumiga O0etoHnan ¢oiigananui. TalKka MyXUT
XapopaTu OKopu OynraHuama OCTOHHH Te3 KOTHO KOJHIIMHHA OJIUHU
OJIMII yYyH KaHJaid yopajap Kypull MyMKUH? beroHHacociap épaamuna
y3aTWJIaguran O€TOH KOPHUIIMACHHUHT XYCYCHATHHU KaHAal dopanap
XucoOura SXIIHAIANT MyMKHH?

Ha3zopat caBoJuiapu:

1. beToHHUHT JacTIa0Ku MyCTaxXKaMJIMTUra SPUILUIINTA SHEPTUS TAbCUPUHU
KaHJ1ail U30XJ1all MyMKHH?

2. beroH Ba TeMupOETOHaH MaxCyJIOT UIIA0 YMKAPUIIAATH dHeprus caphu
MUKJIOpU HUMaapra OOFIUK?

3. beron Ba TemMupOeTOHIAH MaxCylOT HWIUIA0 YWKAPHUIIIA DSHEPTHUSIHU
KaHJal ycysiap €épaaMuia MKTUCO KHIJIUII MyMKUH?

doiigajaHUITaH 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 Hlustrative 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. AxpamoB X.A., HypurnunoB X.H. beron Ba temup-0eToH Oyromuapu
uniad unkapum TexHojorusicu. Jlapcmuk (Akpamo X.A., HyputnuHoB
X.H., Tomkent, TAKH, 2010 #nn 592 Ger.

2-amayiuii MmamryaoT: Oaamii yMyMKYpPHJIMII Ba Maxcyc OeToHJIap
TAPKUOUHHU JIOHMXAJIALIL.

Nmpan makcan: beron TapkuOunu xucoomar.

Bazudanu 6axapuin yuyH xap OMp TUHIJIOBYM Y3UHMHI BapuaHTUTa kypa 1-
JKaJBaJlapAaH TaHjaad ojianu. Xap OWp BapuaHT YUyH KHJAArWJiapHU aHMKJIAII Ba
Xucooani 3apyp;

1. beroH mapkacura Kypa H€MEHT MapKacu Ba TypH.



2. Kywm Ba itnpuk tyanuprugHuHr qoHagopauk tapkuou 'OCT tanabnapura
MoC KeuIuHE. KyMHHHT Maiia-iupUKIHIHMHE Ba CYB TalaGuaHiuruen. Mupuk
TYJIIUPTUYHUHT KOHCTPYKIIMS KECUM 103acy OYirua MOC KETUIIHHH.

3. llemeHT-cyB HUCOATHHMU.

4, CyB-1IeMEHT HUCOATHUHH.

5. beroH KopHIIMacCHHUHT CYB Tajla0uaHiauru OViinua 1 M3 OeTOH y4yH CyB
capduHH.

6. IlemeHT capduHU. AHUKTAHTAH EMEHT MHUKIOPUHU MUHUMAJ pyxcaT
ATUJIAUTaHUOMIIaH COTUIIITHPHILL.

7. 3ud OETOH KOpWIIMAacHMHH oyl y4yH | M3 OeTroHra Marepuasuiap
capduHU XHCOOIAIIL.

8. beron TapkubuHu Maccacu Oyitnua HUCOU ymyamiiapaa Xucooanml.

9. beroH TapkuOuHU XakMu OYHUYa HUCOM YTuamiapa XucoOmarl.

10. Kym Ba HuUpUK TYJIIUPTUYHUHT HAMJIMTU cababiyu MaTepuaUiapHU
VIIYallHU Y3TapUILIUHU.

11. beToH KOpPUIIIMAaCHHUHT WYX TApKUOWHM Macca Oyiinda HUCOWM YI40B
oupIUrua.

12. beToH KOPUIIMACHHUHT UIMYM TapKUOWHU XaKM Oyin4ya HUCOUN YITYOB
oupimMrua.

13. V am® xaxmim 6eTon kopruyaa (1-kamBar) 6Gup MapTa TaiépliaHaquraH
OCTOH KOPUIIIMACHHUHT Xa)XMH Ba UITYA TAPKUOWHHU.

14. beton Kopruyja 6up MapTa Talépiail yauyH MaTepuaUIapHUHT capdu.

15. 7°C xapopaTnu OCTOH KOPHIIMACHHHM OJMII y4yH MAaTePHAIUIAPHH
WCHUTHII XapOPaTH.

16. beTOHHUHT JTOMMXaBU MyCTaxKaMJIMKKa JpUIaguraH BakT 20 cyTka
aMmac, Oaiku T; Ba T, (4-)kajBayl) BakTAa JpHUINAAUTaH Oyiica MEMEHT cappuHU
V3TapuIInHHA.

17. Hopman 1mapouTna KOTraH OCTOHHHUHI T; BaKTJard FOBAKJIUTHHH
KUMEBUM OOFJIaHTaH CyB MUKJIOPHIaH (4-)KaBall) KeuO YMKKaH XOJa aHUKJIaII.

BapuanTaap 0yiinua nactiiadku MabJIyMOTIap

1-xanBan
Bapua | Knacc Mg KY, cMm IDK, ¢ |KOHCTpYKUMSIHUHT | dyip -MM | liyin, V, HM3
HT B (e HOMU MM
1 B15 200 10...12 - T/06 TIuTa 300 75 750
2 B20 250 8..10 - T/6 purenb 400 40 2400
3 B20 250 12 ...16 - T/0 Oanka 300 70 1200
4 B10 150 8..10 - /0 Ganka 300 75 2400
5 B10 150 16 ... 20 - T/0 Oanka 300 100 1200
6 B15 200 12 ...16 - T/0 mIMra 200 80 750
7 B20 250 10...12 - /0 Ganka 180 70 2400
8 B15 200 5..7 - T/0 Oanka 500 120 750
9 B10 150 2.4 - . 1/06 Oanka 300 100 2400
10 B20 250 8..10 - T/6 TIuTa 200 50 1200
11 B20 250 2.4 - T/0 mIMra 200 50 2400
12 B15 200 5..7 - T/0 Oanka 400 100 2400
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13 B20 250 2..4 - T/0 nwuTa 120 | 100 1000
14 B20 250 2..4 - T/6 Oanka 180 75 750
15 B10 150 16... 20 - T/6 Oanka 300 | 100 1200

dmin — KOHCTPYKIIHMSI KECHMUHHHI MUHUMAJI ¥IT40BH, MM; |min — apMaTypa cTepikeHIapu
opacuaaru macoda, Mm.

BapuanTtiap 0yiin4ya gactiiadku MabJIyMoOTJIap

2-KaaBaJI

< DJakjaapaarv aipum KoJaukiap, %o,

& g JaKUK TOII (IIaFaaToI) KyM

/M 70 | 40 | 20 10 5 | Ocrt. | 25 | 1,25 | 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 -




Bapuantaap 0yiinuya nactiiadku MabJayMoTJIap

3-)KaaBa

= 3U4InK, TYKMa 3ULIIHK, KI/aM° Macca 6¥yitnua
§ = KF/I[M3 HaMJIMK, %
@ kym(K)  |Yakuk tomr ()|  Kiyp. Tavp- K. Y. K !
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

Bapuantaap 0yiin4a gactiiadku MabJayMoOTJIap
4-xanBan

beron KOpUIIMAaCUHHA OJIMII Y9YH MaTCpUualslapHU

HCUTHII XapopaTu

JloMuxaBui BakT

2 H,O

= T R KUM.OOFII.

g | Lement| K Nupnx Cys Kf;ZZL ! 1 ) %

A () ) Tyaauprud (+) | xapopamu,

(-) °C

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
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| 15 | 10 | 10 | 10 | 60 | 21 | 400 | 21 | 9 | 18

Kymumua macanaJgap.







Hasopar caBoJsiapu:

1. beroH KOpUIIMacHHMHT CyB Tajabuaniuru Oyiindya 1 M3 O€TOH y4yH CyB
caphuHHU.

2. lement capdunu. AHHMKIAHTaH IIEMEHT MUKIOPUHW MUHUMAJ pyxcat
ATUJIAUTAaHUOWIaH COMUIIITUPHIIL

3. 3wy OeToH KOpUIIMACMHU oJuml y9yH 1 M3 OeroHra MaTepuaiap
capbuHU XHcoOar.

4. beroH TapkuOWHM Maccacu Oyitmya HUCOWH Yraamyap/ia XucoOar.

doiiganaHnIrad agaduéTaap:

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., Hypurnunos X.H. beron Ba temup-Oeron Oyromiapu
unuiad yukapum texHojorusicu. Japciuk (AxkpamoB X.A., Hyputnuaos X.H.,
Tomxkent, TAKH, 2010 #inn 592 Ger.



V. KEUCJIAP BAHKHA

1-Keiic: beToH TapkuOUHM TaHJIAII Ba 0eTOHHU NMapBapUIl KUJIHIIL.

Wppuranusa kaHaJmapyaa CyBHU TEXalll BA YHH €pra CUHIMO KeTMACIIUTUHU
OJIIMHU OJIMII MaKCcaJuJa OYMK KaHaulap KypUJIUIIHAA Kapiu (QuibTpanuoH
UIUIapuHu 00 O6opui Ky3aa Tytuiarad. Kanamiapaa kapmm QuibTpialiHu Xap
TYpAAaru >KWXO3WHHM JKOMJAIITUPUIN HIUIAPU XO3UPTrd KyHJa KYJUIAaHWISAITH
(6eronnu, TtemupOeTOHNM, acQalTiau KoIUlamanap). Yiaap >KyJa YHJIaMiy,
UIIOHAPJIN, YJIIAPHA MEXaHU3alMsUIall Ba KOWJIAIITUPUII UIIUIAPUHUA TYIUK XOJIIa
KYJUIAaHWJIAIH.

Komnama yuyn 200...300 Mapkaiyu ruipOTEXHUK OETOH KYJIJIaHWIaad Ba Oy
Tanabra xaBo6 Gepand. Y30EKHCTOH XYAyIH &3/1a KypyK UCCHK MKIHM LIAPOUTH
Ba KWII BaKTH/JA COBYK Oynuim OwiaH axpanu0 typanu. Kanan neBopiapuHHUHT
KammHiurn onarna 14 cm rasa Oynagu. KypykK HCCHK MKIUM IIApOUTHIA
OeTOHJaIl WIUIapu OakapuiraHWJaH CYHI O€TOH KOTHUII BakKTUAA KYINTHUHA
xoJulapja Tal€p OETOH ro3acuja Aap3Jap XOCui OYVIUII MyaMMOCH t03ara Kellaau.

beron kopummanu xapakatd 2...5 cM, (PpakUUSHU HUPHUK TYIJIIUPHUIALL
Vaaamu 40MM 1aH Ky sMac, Koriama KaauHaurd 1/3.

Kanajuiapaa kapuu GuibTpanuoH KOIUIAaMa KAJUHIUTH

Kanangaru CyBHHHT 9yKypJIUTH, Kormnama kanuaaura, cM
M OeToHIn TEMUPOETOHIIN

1,0..1,5 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 Getonnma mapsnap xocws Oynumn cababnapuHu €putu® OepuHr?
TynaupyBUmIapHuHT ymdamu KaHjnad tannaHaau? Jlapsmap Xocun OYIMIIMHUHT
OJITMHU OJIMII YUYH KaHJal yopajap KYypUIUIIu Kepak?

2-Keiic: beTo Ba TeMup0eTOH HIILIA0 YNKAPHUIIAA IHEPTUATEKAMKOPJINK.

3aMOHABUM KypwWIMII HILIapuga OCTOHAaH QoMgaaHuIl camMapaaopIuru
KYTI ®KUXAT/IaH TeMUP-0E€TOH Oyromilap UILIa0 YMKAPUIL CypaThra OOFIUK OYIaau.

3aBOl TEXHOJIOTHSACH acoCHJa WUFMa TeMHUpP-OCTOH WIUIA0 YHMKaApHUII
mapouTuaa O€TOH KOTUIIMHU TE3JAIITUPUIIIHUHT aCOCHA BOCHUTACH YHTa
HMCCUKJIUK OWJIaH UIIOB OepuIln OVIubd KoIaau.
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Hccuknuk O6unan unuioB Oepuin OyioM Tailépriam ymyMud HUKIHHUHT 70-
80% BakTuHU onaau. Mccukiuk OwiiaH MIUIOB Oepuill yuyH O€TOH Tailéprarira
capQuiaHaiuran yMyMUid UCCUKJIMK SHEPTUsiCHHUHT 70 don3uravya UIiaTHIA M.

Hccuknuk OwilaH MILIOB Oepuiaru xapaxkatiap Ha (akat Oy Ba Oolka
TypJlard 2HEprusi sMac, OajaKud KOJMIUIAp COHU Ba LIEMEHT capdura xam OOFIHMK
oynasu.

Wccukiuk Ouiiad MuuioB Oepulll TaBOMUMITUTHUHY 0ab3U KOJMILUIAP ailIaHUIIN
TaBOMHMUTH Oenrmnaiiu Ba Oymap 6axocu KopxoHa Oapua HMILIA0 YUKAPHIL
GOHITApUHUHT aHYarMHa KUCMHUHHM Tamkuia H»Tand. Komumnmapra 3aBof
yCKyHanapu yuyH caphianaaurad 6apya nynatHuHr 60-70 dhousu cadpranamu Ba
KOJIMILJIAp aMOpTU3alMscura TyjaoBiap Oomika Oapya ycKyHadapHukujgaH 1,5-2
MapTa KyILJIHp.

3aBonja Mnuiad yukapuiaaaurad Oapua MaxcyJlOTHUHT 85 ¢ousura Kagapu
KaMmepanapnaa, oOyr mebépaaru arMocdepa 6ocumu Ba xapopat 60-100°C 6ynran
mapoutaa OyrinaHaau. byFnamian Tamkapu sitHa aBTokiaaa 6etonnu 174-191°C
tyiaupunran 0,9-1,3 MIlla OGocumunga Oy Ownan Oyfiami, OEpK KOJMITHU
TalIKApUCUIAH KU3TUPHII YU OuiaH, OETOHHU MHAYKIIMOH TOK OWJIaH, AJIEKTP
MarHuT MalIOHU/1a UCUTHUIN YCYIIJIapHU UIITATHUIIAIH.

Kopxonamapyna 6eToHHN Ku3aupuin 2,5 coaTdaaH 24 coaTrada AaBOM ATaiu.
bupox acocan, Oeron 12-13 coar kusgupuiaagu. Camapaad TEXHOJOTHUK
yCYJUJIApHU HIIJIaTMACAaH TYpuO OyFJallHU TE3JAIITUPUII EMEHT caphuHu
omupand. Mwucon yuyH Oyrnam 13 coatman 6-7 coarra KaMaWTHpUIITaHIa
mapkacu M 200 6ynran 6eronna uement cappu 80-100 kr/m3 kynasau.

Temup-Oeron Oyromjiapura HUCCHUKJIMK OWiaH MIUIIOB Oepuin  yiap
KYHaTHIagurad (YTyB4YaH, KOJUIAAH YMKAPHUII Japakacuiaru) MyCTaxXxKaMIIMKKa
SpUIITYHYA AaBOM 3Taau. byHaal xonataa OyfiaHranaaH cyHr 28 cyTka yTraHja
OcToH Tana® KWIMHTaH JapakaJard MYyCTaxXKaMJIMKKa, SbHH OelruiIaHTaH
MyCTaxXKaMJIMKKa DSPUIIWINMIINA JIO3UM. BeTOHHU KYHaTUNQUTaH [apaxaaaru
MyCTaxKaMJIUTu 7e6 OyroM 3aBOJJIaH MCTEbMOJIUUTA JKYHATUIIAIUTAH Tapa)aaaru
MYCTaxXKaMJIMKKa aluTUIIA .

VIyBuaH MycTaxKaMJIMK OJNAMHAAH 3YPUKTUPWITaH OYIOMIap ydyH
OenruiaHad Ba apMaTypaHUHT OJIAMHAAH TOPTHJIMIIMHU YHTA YTKA3WIN BaKTHAA
3apyp OynamguraH OGETOH MyCTaXKAMIMIMHM Oenrumaiiny. YTyBuaH Ba
KYHATUJIAIUTaH MYCTaXKamJIMK MyaistH Oup MaxcCyjoT TypH Y4yH OenruiaHTaH
TEXHUK LapTiap OuiaH TapTUOra cosivHaau. bab3u Xxojutapia >KyHaTWUJIaJAUraH
MYCTaxKaMJIMK UCTEbMOJIYH Ba JIOMMXA4YH TAIIKUIOT OUIaH KEIUIITUIA TN,

Konmunaan yukapuin MycTaxKamJIMK, OCTOHHHM KOJHUIAAH YUKAPUIIT MYMKHH
Oynran Ba 3aBoJ MuYMIa XaB(CH3 TPAHCHOPTUPOBKA KWJIMII MYMKHH OYyiraH
MUHUMaJI MyCTaXKaMJIUKHU Ha3zapjaa TyTaau. Y Tal€pioBUYM KOpXOHA TOMOHHUIAH
OenrwiIaHaan.

M 150 Ba yHmaH FOKOpPM MapKajiud €HTWJ Ba OFUp OCTOHAAH Tan€piiaHraH
OyroMyap y4yH >KYHaTWJIaguran myctaxkamuiuk 50 QowusnaH rokopu OYiauiu,
M100 apkanu ofup Ba eHruj O€TOHJaH Tal€piianran OyromiIap Y9yH 3ca MyBO(OHK
paBumiga 70 Ba 80 dhouznan kam OYIMaCIUTH KEpak.



betoHHMHT nmacTnabKkyM MyCTaxXKaMJINTUTA SPUIIHININATA SHEPTHUS TabCUPUHU
KaHgaid wu3oxjam MyMKUH? betoH Ba TeMHpOETOHIaH MaxcyjloT HILIao
YUKApUIIAard SHeprus cappu MUKAOpUM HuManapra Oornuk? beron Ba
TEeMHUPOETOHJIAaH MAaxCyJIOT UIUIA0 YMKApUIIAA SHEPrUsHU KaHJIal ycyJuiap
éplaMuJia UKTUCO]] KAJIUII MyMKHUH?
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3-Keiic.

Moving a Reinforced-Concrete Building: Case Study

Dary Telam': Aviad Shapira, MAASCE®: Yizhak D. Goren®™ and Cliff J. Schexnayder, FASCE®

Abstract: The project management feam directing the construction of 1 concrete building learmed during the last stages of consiruction
thal the buikling encroached by 1% cm ino the permin specified setback. This case study discusses how the Intemnet was used o aid 1he

contractor in addressing the problem and the particular soliin adopted for moving the buikling., The seps tken by the project
management leam From the moment the problem was discovered through mowving the building e its correct bcation are described.
Practitsoners can learn much from the creative approach used by this project beam o find o soluiion to the challenges of such o unigue

problem.
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Introduction

In March N0, Ghivra Mehler Building Works Lid. {Mehler
2004} began construction of the official residence for the Tupuanase
ambassador o lsrael. This company, which specializes in con-
struction of luxury homes and commercial and public buildings in
Israel, has over M yvears of diverse project expersence. This was a
very prestigiouns und high profile project in Herzliya Pitaah, a city
located just north of Tel-Aviv on the Meditermanean coast. The
Japanese. after requesting o limited number of preselecied cone
tructors to present porifolios of their work, allow only approved
contractors o swbmit competitive bids for the contract. Ghiora
Mehler submitted the kew bid and a contract was awanded withaut
any further negoliations.

Even though this was o residence, the structural frame of the
huilding wus reinforced concrete—heavily reinforced concrete
hecause it conformed fo the Japanese earthgquake stancards. Until
August 2000 the project was progressing according o schedule
and within budget. Al that time, however, the surveyor, who was
luying st the location of an additional small structure on the sile,
discovered that the postioning of the residence did not conform
o the building permits. The building as constructed was 190 cm
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1o the east of its comect location and it protruded by that distance
inter the required and contractually specified sethack space.

Striving o serve the clienl, the project management team de-
citded o postpene the finger pointing and to focus on meeting the
challenge of positicning the structure correctly, This paper fo-
cuses an the creative and professional manner in which a proce-
dure for moving the building was decided upon and how (he
bailding was moved.

Moving Heavy Structures

There are three main reasons why buildings are moved: {11 for
preservation—for example, Cape Hatberas Lighthouse | Cape Hat-
leras Lighthouse 2000; Lighthouse 1993} (2] when for constrac-
tien, site, or schedule reasons ihe smocture s asembled inoa
specific lcation and then moved o ils final locatsn—For ex-
amphe, Coleman Bridge {Esking 1997} or (3) to correct a mistake,
as presented in this case.

Because of the unigueness of mast heavy moving opertims,
the equipment reguired 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 find o wide variety of eguip-
ment combinations, such as hydraulic jacks, wheelol'craw ler/rail-
mounied corriages, sharing syvslems made of Emberfsieel, and
lemparary reinforced-concrete supports used b accomplish these
lypes of projects. In the majority of cases, regardless of the spe-
cilic means wesd, the structure 1% frst lifled and only then is i
moved or ransporied (Kennedy and Kennedy 2003; Kaster 2003;
Xu 2001; Anders 2000y Hunt 20065 Phillips 2000; Powell 1998),
Afer it s ransperted G the desired location it is lowered onto a
newly prepared Toandation.

The operation presented bere is unigue as compared 1o other
reporled cuses in that the building, i spite of 65 considerable
weight, was moved without being lifled.

The Bullding

Al the time the location error was detected, construction of the
bailding’s reinforced-concrete frame was almast complete. All of
the reinforced concrete floors and walls had been cast: the only
remaining structural work was that of casting the rool (Fig. 1)
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Fig. 1. Sinte of building before move

The building rests on o mixed sand and clay-sand soil, which
is the matural sl found at the buikling site. Afier excavation o
the required Toundation elevation these natural soils wene oom-
pacted o DR AASHTO T-LE0 (AASHTO 1990 using a smush
drum steel-wheel roller. Upon this compacted matenal is a 45-
cm-thick reinferced-concnete raft foundaton. The raft foundation
and the structure were designed 1o the Tapanese earthguake stan-
durd. The we of a rafl foundation and the design gandard were
specified by the Japanese to their Israeli design team.

One meter ahove the 820 m? raft foundation is @ second slab.
This secend slab is 20 cm thick and approximately B m® in
arei. The purpose of this secomd slab i 0 create what is referred
e as a technical arca. Within this technical area, which is sund-
wiched between the two slabs, are the building™s plumbang,
HVAC, and electrical systems, While 1 m does not provide stand-
ing room it does allow easy access (o all systems. Rising above
the technical-area-covering slib are o basement of 625 m°, a
ground floor of 625 m®, and a second Moo of 550 m*. The ground
and second Hoor slubs each have a thickness of 20 cm. The 14l
building enclosure is 2,600 m® {1,800 m® for living and the
B00 m? technicul Aoor),

Seeking a Solution

After recovering from the shock of discovering the problem the
contractor began o seek selutions. The architect first proposed
cutting off the protruding 190 cm that extended into the sethack
wome andl alkling Aoor space W the opposite side of the building. &
new Aoor plan was developed by the architect and presented o
the owner. The owner, however, was i receptive o this idea and
clearly stated thal the “contract specified residemce™ was what
must be provided.

The contractor then conceived ihe idea of lifting the building
wilh crumes and mawving it as necessary, A caleulation of the build-
ing weight {concrele and sbeel in the structure) atb that poanl in
construction revealed that the crane would have 1o il approsi-
mately 4 B} tons. This weight made lifting impossible as a crane
of such capahility was not available amd even if such a large crane
wis located there was insufficient space adjacent 1o the building
for positiening such a monsler machine. A Demag CC 12,600,
ane of the largest capacity commercial crunes availuble, is only
rades] at 16 ons (af g radios of 12 m) and the wadih from
oulside edge of cruwler 1o owlside edge of crowler for this ma-
chine is 12.2 m. Afler one month of shut down there was no

viahlbe plan as fo how to proceed. But the contractor sGll believed
that moving the siructure might be possible. The one positive mde
during this period was that the structural engineer held o the
philosophy that every member of the project team needed o be
commitled o slving the problem.

The contructor recognized that be lacked knowledge abow
moving such a heavy struchure and was now fully cognizant of the
necessity fr obtaining expert advice on how W proceesd. After
findlimg thal experience with moving such a heuvy building was
not available in Israel, the contractor was nol sere as b bow o
locate such knowledge internationally. AL this poand the architect
mentioned 1o the contractor that an Inernet search might produce
resulis.

Websaite

With the klea that a website woukl serve as a means for oblaining
expert assistance, the contracter twrned to an information techngl-
agy comsultanl. This was one of the most significant steps (aken
by the project team. Though this consultant had never developed
a wehsite for o construction company, he did have experence
leading the development of pioneering Internel projects. The con-
sullant crafied a website (no longer active) that supplied all of the
important propect information and explained what had b be ac-
complished. A descriptive wrileup., sketches, measurements, the
caleulated buikling weight, and project pictures were posted an
the wehbsite. Initially the contractor instructed this consuliant o
concentrale on expertise located in North America.

Dats mining

Using duta mining toels, the consultant ilentified and created a
data base of companies in North America involved in maving
haildings or supplying equipment fir moving buiklings. To each
af these companies un email was sent which soughl 1o verilfy the
contact infermation and 10 oblin an initial indication of interest.
A wecomd email was send b those companies thal expressed an
inberest in the work. This second email provided a link o the
prisject websile and specifically requested submission of proposed
methods for moving the sbructure.

The creation of this website specifically designed for seeking
solwtions o the problem of maving such a heavy concrele strac-
ture trgether with the data mining search that identified compa-
nies with the requined expertise proved a success. Fowr days after
launching the search more then B0 serious responses werne res
ceived from Morth America. This group of responses supplied the
contractar with a valuable overview of the principal methods used
for moving heavy structures. Some of the siggesied methods
were ruled oul immediately becawse their application was limited
ler smialler anmd lighter stroctures, They were viable methods for
moving womlen houses weighing up te LN 1on bul nad really
applicuble to the beavy concrele structure that was the immediate
prohbem.

The contractor then directed the information lechnokgy con-
sullant o expand the data mining search (o Ewrope. Similar
emails, seeking professional services, were sent to European com-
pamies. After analyzing all of the proposals, it was determined that
the two most experienced companies specializing in providing
eguipment for this uniguwe undertuking were located in Switcer-
land and Germany.
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Word of Mouth

At this poant a small demoliticn subcontraclor wha had often
worked with 1he bailding contractor informed the company owner
aboutl o company in The Netherlamds that mowved large structunes.
This subcontractor knew about the company because he often
purchased used equipment from them and while in their vard in
Belgium had seen some of their equipment for moving large
structures. Therefire, on the advice of his friend the contractor
contacted this third company.

Selecting a Method

Specialists from these three companies were invited individually
i [erael (o0 wisit the construction site and W conduct their own
investigation of conditions. The contractor paid for their travel
and provided the visitors with all relevant data,

Opimnlons

The first inlivicual e visit the project was from the Swiss com-
pany. Afler spending about two howrs inspecting the wark and the
site, this specialist announced that he had come with a precon:
eeived plan 1o lift and mowve, bul had now changed his mind and
propasedd that the building be pushed inte the proper location.
This was the fArst time anyone suggested pushing or jacking the
huilding. This method is sometimes referred 0 as propulsion.
This engineer concluded that lifting the building was nol reguined.
By applyving a large harizontal force, greater than the siatic fric-
tion between the rafl foundation and the sofface below it, he
helieved that the building could be slid imlo its new proper
position.

A representative from the company in The Netherlamls was
the second specialist to wisit the projecl Afler completing the
inspection be anndunced that be was satislied they could move
the buiklimg. When asked how he propesed to proceed he said
“lift and mowe.” AL that point the contrucior asked if jacking the
huilding wus possible. This specialist immediately replied in the
postive o the jacking suggestion.

A professor representing the German company was the sl o
visit the site. He propossd a plan of lifting the building on inflated
pillows and using o lrack system e skid the building inle its
comect [ocation. This method of moving structures had been suc-
cewfully implemented several times in different locations around
the world and did nol involve a large rsk. Again the contractor
ingquired as 10 whether the specialist thought the building coulsd be
pushed without lifting. This specialist immediately said "no™ He
went o W explain that by pushing vou would cause the emtire
huilding to shift "out of balance™ and it would develop cracks and
possibly fraciure.

The contractor realized that lifting and skidding the building
would be wery costly as one of the early responses from a mover
in the United Staves had statesl, “Our uswal solution is to jack the
peece after installation of a supporiing frame, and then o skid it
on a track with skid shoes. We did this two Gmes recenily with
peeces aver 4,000 tons, bul the cost was very expensive lover |
million UF 5.7 Nevertheless, the comractor reguested that each
of the three companies submit a formal progosal for accomplish:
ing the maove. I was requested that the proposal inchude a general
description of the plinned methad and a cost estimale.

Bah the Swiss and Dulch companies proposed joacking. The
Germany firm submitted a proposal o Iift and skid which was

almuost eight imes more expensive than jacking. Additionally, the
German firm submitted a very detailed engineering repon dis-
cussing how the building would react w0 jacking. This reporn
caused the contractor grave concern, as it concluded that the task
could not be achieved by applying the prpulsion methad, 1t pre-
dicted that the horizontal foree would cause the buikling o cruck
amd eventually to collapse.

Decislon—A Partner

Research by the contrmctor revealed that up to that point in time,
the propulsion method had never been executed on a reinforced-
concrete structure of this sirxe. In execuling this pioneering en-
deavor, the project team could afford no mistakes and one of the
key elements needed in order (o achieve sucoess was choosing (he
right company 1o execute the move.

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

The deciding selection factor was “aititude™ toward the work.
Whereas the Swiss company demanded that in the case of a
Fatlure, it would sull be pund half the fee, the Dutch engineers
were nol willing to regard failure ax an option, and consequently
stated that if the operation were not successful, they would nit
receive o Tee, The comractor el strongly aboul this attitude
determimation e succeed and willingness 1o share the risk, This
atlilude convineed the Ghiorm Mehler Company that the Duich
engineers were the partners they wanled for this challenging
wiwk. Risk shanng strengthened the need for the twe companies
1o work as one unit. Hence the Dutch company, Mammaset (2004,
was given the project and a contract was executed.

Planning

Omee the method and equipment were selected, detailed planning
began. During this planning stage {1} the resisting forces were
calculated and verfied in the laboratory; (2] a jack suppor neacs
lion system was designed: (3) the necessary strengthening of the
structure was  investigated; and (4] work  activities  were
scheduled.

Resisting Force

The layers of the foundation were as follows (from botlom 0
lapl.

. Foundution materizl: & compacted natural sand, Y8% modi-
fied (AASHTO T-150-8k).

Leveling mal. The structure has a T-cm-thick lean concrete
leveling mat thut was placed on the compacted sand. This
concrele had a design strength of 2P MPa.

3. Biuminous seal coal. A brushed-on & mm seal of bituminows

[

mikerial ichemifren) had been applied to the wp of the levs
eling mat.

4. Biluminous sheets. & layer of S.mm-thick bituminous mate-
rial separated the seal coat from the raft foundation slab.

5. Raft foundation slab, A 45-cm-thick concrete slub having tep
and bottom mats of welded wire fabric reinforcement. The

reinforcing wine was 12 mm in diameter, spaced 1} cm cens
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fer o center. The desipn sirength of the conenele was 30
MPa. This was the structure's primary foundation clement.

Because the foundation syslem was composed of muliple Ly-
ers, caleulations and thearetic analysis were ool deemed adequate
for defining the Iriction forces o predicting the sliling perfor-
mance. Therefore o determine the driving force nequired 1o slide
the structure, the contractor contacted the Technion™s (Isruel Insti-
tute of Technalogy | Building amd Infrastructure Testing Labora-
ftory and a besting program was agreed wpon and conducted. Uking
soil sumpling abtumed from the building’s foundation. measure-
mends were made of dry density and moisture content. Addition-
ally, direct shear tests using the wsual apparatus aod dinect shear
fesls using a double shear box apparatus were carmed out. The
conecrele ruft {design strength of 30 MPa) and the bitumen sheet
were alsp misleled. Bitumen sheets were supplied by the contruc-
tor. All of the fesls were carmed oul according to ASTM
standarls.

The dry density and moisture centent were measured 2t the
sile using a nuclear gauge {Stamdands Institution of Isnel 19975
The bests were conducted at three different points around the
huilding. The consoliduted draimed direct shear tests on coms
pucted sund samples were conducted 1o sbtain a value for the

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

633 cm diumeter by 2.54 em height.

Two sets of direct shear lests were performed wusing double
shear box apparatus. The instrument consisted of three cells. Iis
dimensions are 30 cm (length), M cm (width), and 7.5 cm
{height]. The tests were done in order (o ohtain the valwe of fric-
fion {resistance (o shear) between the sand amd lean concrede and
hetween the concrete mft and the bitumen sheets.

In the first sel of shear tests sund material was compacted in
the upper and lower cells, while the concrete plate was inseried in
the middle cell of the mstrument. In the second sel of the lests,
hilumen sheets were inseried in the upper and lower cells, and
comerele plate—in the middle cell.

Fromn the laboratory results, it was concluded that the horizon-
tul force required for pushing the 4.800-10n structure would be
something greater then 2000 EN. The laboratory resulis ind:-
catedl that the movement of the building would ke place be-
tween the boliom of the 45-cmerafi foundation slab and the kean
comnecrele leveling mat. The bituminaaus layers, placed belween the
founaation slab and the lean concrete leveling mat, would provide
a “relatively smooth”™ surface wpon which the building weould
sllide.

It was realized. however, that for the fimst push it would be
necessury b overcome the static frictional forces caused by the
inderlocking irregularities of the fundation slab and the lean con-
crele slab but the coeflicient of siatc friction delies precise pre-
diction. It was expected that the foundation slab conformed 1o any
raughness or even possibly indernal areas having a slight slope
that securmed in the supporting lean concrete slab and thes: would
comtribube Lo static friction,

Therefone, alber studving the lnbortory findings and consult-
ing with the Dutch firm, it was decided 1o use six hydraolic jacks.
Each jock was rated at o maximum force of 700K kN. The paten-
tial propelling force of the six jocks used concurrently was 42,000
EN or 150% (420000280000 of the minimum propelling force
indlicated by the lubortory experiments.

The next issue was determining the most appropriate manner
of positioning the jacks along the eastern face of the building.
This was when the cooperation of the structural engineer came
indo play. Literally working day and night he analywned the effect
of juck placement schemes on the struciure. Five different

schemes {plans) were passed back and forth by email between the
contrclar and the Dutch irm. Te the conlractor’s advanlage was
the fact that the huilding had been designed 1o a very stricl carth-
quake code.

Twir altermatives were identified for further examination {Figs.
2 and 3. The cross hatched areas in Figs, 2 amd 3 indicate new
concrete additions e the ral foundation that were 1o be cast o
strengthen the structure. These two altermatives were identical in
terms of the force distribution relative o the sirocture’s center of
pravity: Allernative I1 (Fig. 33, however, required less strengthen-
ing of the structure, and was therefon: chasen.

Aeactlon System

Having addressed the question of force application, the contrctor
with the help of the structural and pestechnical engineers ap-
prizched the problem of hew o absarh the reaction forces. It was
crucial | disiribule these forces in o manner that woukl prevent
them from causing dumage e the arca surrounding the structane
andl particulady to a nearby sireel with bured wtilities which wene
anly B m from the building.

The decision was made 1o construct a reinforced-concrete re-
lzining wall on the cuslern face of the site (Fig. 45, The structural
engineer continued 1o do veoman service, with no additional com-
pensatien, by developing the necessary constructien drawing o
wirk could proceed. These were not nice clean plan sheels b
what he provided the contractor (Figs. 4 and 5) contained the
infarmation required for the reaction svslem o be constructed
within the scheduled time frume. This wall would receive and
distribute the reaction force from the jucks. The retaining wall
was a syslem of 29 vertical piers each 90 cm in diameter and
12 m in length {Fig. 5

Exch pier was designed to absorb a maximum Jead of 2,00
kM. The piers were connected at their tops and at the il foun-
dation level by harizontal concrele beams. The lower beam, caxl
al the raft level, served as a bumper onio which the jacks wene
allached. The design strength For the concrebe in the piers and the
upper beam was 30 MPa. The concrele in the foundation level
beam had S0 MPa design strenglh. The upper beam served two
purposes: (1) to fie the piers tegether, and (2] e provide the
necessary downwand force [weighth o the wall.

Strengthening the Structure

[l wis mecessary 10 execule several structural adjustments [ the
structure s¢ that the propelling forces from the jucks could act
through the raft foundation without causing dumage 1o the baild-
ing. After consultatien with the structural engineer, it was decidexd
tor cast complementary additions to the afl foundation so that it
wirikl have a trupezoid shape (Fig. 6.

A M=cmethick leveling mat 190 cm in width was construcied
acrass the full 35 m of the west side of the buikling 1o provide a
continuous sliding surfuce during the push (2s noled in Fig. 7.
activity 10, “Cuasting a slab under the pergaela”™).

Schedule

The time necessary for shipping the equipment to lsnel and plac-
ing it on site wus fixed. There was nothing that the contrctor
could do to accelerate this time duration. Therefore, il was de-
cidledd that this transport fix duration woukld be the critical path for
all of the one-site activities that bad e be accomplished before
jacking coukl proceed (Fig. 7). While the equipment was being
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Fig. 2. Alternotive | positioning of bydraulic jscks

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

the schedule (Fig. 7h the following on-sile activibies were

completed:

* Drilling and casting the retaining wall piers on the casten side
of the builfing.

= Constructing the upper concrete beam.

* Excavating., after the upper beam had gained sufficient
strength, the area between the retaining wall and the building
an the eastern side of the site.

= Construction of the lower beam and casting of concrele he-
taeen the piers in order b prevent the exposad soil, between
the piers, from collapsing.

*  Excavating matermal from the south, west, and norih skles of

the building, to create a space for the building's movement

= (Cutting and clearing the dirt under a wall bordering an ouldoor
pergola, which was originally built lower than the planned
sliding surface.

»  Casting sdditions to the raft foundation.

= Casting a slab under the pergola and extension of the leveling
mil on the west side of the building.
The time from the end of concrete placement o the actual

moving of the building was two weeks (see Fig. 7). This providexd
the required time duration for the new concrete W gain the nec-
exsary strength.

Execution of the Move

The equipment from The MNetherlands arrived on site, accompa-
nied by o technician and an engineer from the firm, After undoad-
ing aml ingpection of the eguipment, o mobile crane was brough
lo the site. and within one workday, the jacks were set in place
|Fig. B). The jucks were mounied onto the rafi foundation slab so
they mowved with the building and dsd not have o be handled
during the pushing operation. The decision on bow 10 mount the
jacks for such operations requires coreful consideration for 1he
lagistics of hundling the jacks and a thoughiful analysis of bow o
concduct the operation in o safe manper (see Fiord and David
20104,

To monitor the building for cracking the Japanese sent their
own leam of building inspectors from Jupun, This team glued thin
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Fig. 3. Alternative U positioniag of hydraulic jacks

strips of paper across the meeting edges of walls, ceilings und
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 control unit regulated the force apphed
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 o surveyor to continually check
elevation 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 cach stage,
the jucks were closed back to their original length. This stage
process permitted corrective steering of the building.

Required Force

At 5 a.m.. afler 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 mude concerning total jucking
force necessary (this was why the jacks had the capability o
develop 42.000 kN, to the concern of all the structure did not
move as the applied jacking force steadily increased past first
30.000 kN aml 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 motion 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 pash was 20 min. As the jacks
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Fig. 4. Design sketch system of reinforced concrete piers

mawvied with the structure the gap thal opened betwesn the piers
and the jucks with each push was filled with timber beams. The
beech wood beams were 10 cm by 10 cm and ¢t im | meler
lengths specially prepared for this purpose (Fig. 9).

Problem

With the first push the foundation slab of the buikling moved
forward oate the new 10 cm leveling mat. Howewver, as the push
continued, something unexpected happened: the oiled leveling
mat addition, which was constructed 1w ail the sliding of the
huilding slub, wus shoved forwand like a plate. It appeared that
the leveling mal began to act as a blade pushing a wave of founs
datiom soil ahead of itsell and wogether the leveling mat and build-
ing slab began to ride up on this wedge of soil. Al the end of the
lirst push the surveyer confirmed the keading edge of the building
slab was approximately 2.5 ¢m high. The decision was immecdi-
alely made o juck hammer and remove the 10 cm leveling mat., A
Tubir crew was assembled e lackle this work while a second crew
worked ot installing the necessary limber cribbing between the
lower beam of the reaction wall and the now retracted jacks.

The cribbing crew installed the five allemnating layers (one
vertical them one horizontal) of eribbing in about 1.5 he In this
same lime period the labor crew remaved all of the leveling cons
crete that was in Ffront of the foundation slab and leveled the area.
Once thes: 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
bhack almaost o the proper elevation.

Verification

Apain there was a 1.5 b stop o close the jucks and install adidi-
ticnal cribbing. Afer the third push was completed the foundation
was once more level and resting at the proper elevation. Afier 8 b
the founth push had been completed and the building moved the
reguired. 190 cm west. To confirm that the hailding was properly
positioned. a final survey was performed. Afler reviewing the
survey resulls Wy werify that there were no vemical or horizonial
devigtions and after the JTapanese team verified thal there was no
simactural damage. success wias anmounced.

The next day the jucking eguipment was packed amd shipped
back e The Nethedands, und the finishing work on the building
resumed.

Suecesful Project

The wark of actually constructing the building had been delayed
three months by this positioning problem. The first month of the
delay was spent recovering from shock, seeking authorily 1o re-
quest o permil variance, and developing proposals o modify (he
structure. Meither the vanance nor the modification idea was ac-
ceplable o the owner. Therelone a second moath was spent de-
veloping a process for moving the building. Once the jucking
methid was deckded upon, a thind month was reguired for ships
ping the equipment from The Netherlands and completing the
construction of the force esiding wall amd structural strengthens
ing of the building.
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Fig. 5. Design sketch of retalning-wall pier

Fig. 6. Castag additions to raft foundation

In spite of this delay the contractor completed the project ooe
month ahead of schedule and the residence (Fig. 10) was then
accepted by the owner.

Conclusion

The repositioning of the building was a dificult undertaking. Suc-
cess was the product of several factors:

* Fullilling 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 pasitioned
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. 8. Placement of hydraulic jacks

Fig. 9. Push ia progress asd timber cribbing being used

Fig. 10. Completed building

* QGathering knowledge: The contructor 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 reduce uncertainty during the planning stage of
the operation. To do this expert engineering support was
sought from experts 4t a research kaboratory. A structural
model was used to venfy analytical calculations. Based on the
modeling and the calculations the constructor reduced the risk
by properdy protecting the structure and its surroundings.

* Selecting committed pariner: 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 opertion 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 in detail to ensure success, which was accomplished
in this effort.
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VI. [JIOCCAPU

Tepmun

3‘7366K TWINAArA Iapxm

HWHrau3 rTmaugaru mapxu

Aemobdemonkopeuu

niaccucura OETOHKOPIu4
VpHaTuiaran 6eToH Talépnant Ba
YHHM JKOWJIAII )KOMHUTa TAIINIII,
UIYHUHTAEK OETOH 3aBOJU/1aH
UCTEbMOIUUTa Talép OETOHHU
eTKa3ub 6epyBUM aBTOMOOUIIb.

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.

Aemoxnae

(¢ppany. autoclave, epex. autos —
y3u, nom. clavis - kanum) —
FOKOpH 0OCUM OCTH]Ia
(>kapaHIIapHU TE3MUTHHU
OLLIMPHUIL YYYH) KU3AUPUO
¢bu3nKaBUi-KUMEBUN
JKapa€HJIapHU aMaJira OLIUPHUIIT
YUyH T€pPMETUK €MUK ammapar

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

Aemoxnae
Mmamepuaniapu

— CHJIMKAT OOFIoBUMIap (0XaK,
[IEMEHT Ba YJIapHUHT
apajaiimMagapy) Ba aHOPTaHUK
TYynauprudiap (acocaH Kym,
[IUTaK Ba KyJ) aCOCUIaru
I0OKOpHXapopaT Ba 60CUM
TabCUPHJIA KOTAJIUTAH KYPHITHTIT
MaTepuaiapy Ba OyroMIIapu.
Taliépnam BakTHa TYHHUHIaH
Oyr Omnan OyFmad, 8-16 coar
JTAaBOMH/Ia NCCHK-HAM HIIUIOBU
o6epunanu. by Mmarepuamiapra
CWJIMKAT FUIIT, CEPFOAK
OeToHIap MECOI OYa ONaIu.

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.

Ainanma neun

ETHK IVTHHIP TAKTHJIATH
(mymalok) caHoaT mevwu.
Alinanma neys O6yitnama yKu

A rotary kiln is a pyroprocessing device
used to raise materials to a high

temperature (calcination) in a continuous
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https://en.wikipedia.org/wiki/Pyroprocessing
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aTpodua aiimaHaau EKu
TeOpanaau. Metaapau
CYIOKJIAHTHPHIII, MaTepUATTAPHU
KYpUTHUI, OOJIFanail EKu
HITaMIDIAN YI9yYH METaJUT XOM
alI€HN KU3AUPHILL, METaIT
Oyromiiapra UCCUKJIUK UIILTIOBU
Oepuill, IIEMEHT MUIIUPHUII Ba 0.
MaKcaJulap y4yH MyJDKaJUIaHTaH.
[leynuHr aitnanu® TypUIITH
HATM)KACHJIa UCCUKJIUK OUp
TEKHC TaKCUMJIaHA/IU, ITyHUHT
YUYH MEYHUHT UYKH KOTlJIaMacu
Y30KKa uynjanid. AiijanMa redja
Marepuai €ku Oyromiiap
EHUJIFUHUHT EHUII
MaxcCyJIOTJIapH, DIEKTP TOKH EKU
AMeKTp Eiu OumaH KU3JupuiIaiu.
Kyputuin Ba HCCHKIIMK HIIUIOBU
Oepuill (TEpMHK HIILTAII)a
MaTepHal IIeYHHHT Oup
OoIInIaH KUPUTUINO, UKKUHYN
OoIIMIaH YMKapHiIaan;, OyHIak
newsap y3iayKcHu3 HIIamu
MYMKHH.

process. Materials produced using rotary
Kilns include:

o Cement

e Lime

« Refractories

e Metakaolin

« Titanium dioxide
e Alumina

« Vermiculite

 lron ore pellets

Apmamypa

(J10T. armatura — KypoJi-sipof,
YCKYHa, ’KHUX03)— Oy JeTan €Ku
yCKyHas1ap WuFumu 0ynuo,
MallliHa, KOHCTPYKLUS KU
WHIIOOTHUHT aCOCUN KUCMH
O6ynmMail TypuO, yIapHUHT TYFpU
WIUTAIIMHA TabMUHIIA0 Oepasu.
Temup-6eTonna apMaTypaiaH
KOHCTPYKIMSHYU STHITUIITA XN
U1y yayH Qoiinananunany.

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
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.

Apmamypa
Kapkacu

apMaTypa cTepXKeHJIapuaaH
scajraH Kapkac.

reinforcing cage

Apmamypanaw

Marepuas €KU KOHCTPYKLHSHU
00111Ka MycTaXxKaMpOK
Martepuaiap Omian
KYWIAHTUPHIIL

Reinforcement

Apmamypanu
anKepaaw 30Hacu

TapaHIIAIITHPUIAAUTaH
apMaTypaHUHT Y3YHJIMTH YHH
MaxKamJjaml y4yH eTapiau OyiaraH
OXUPHUTHU y4JIapu 30HACH.

rebar reinforcement zone

benum

HKKHN KaJIBHI/IfIJII/I CHJIMKaTJaaru
TYPJIU 3JICMCHTIIAP KaTTHUK
SpUTMAJIAPUHUHT

Belite is an industrial mineral important
in Portland cement manufacture. Its

main constituent is dicalcium silicate,

86


https://en.wikipedia.org/wiki/Cement_kiln
https://en.wikipedia.org/wiki/Lime_kiln
https://en.wikipedia.org/wiki/Refractory
https://en.wikipedia.org/wiki/Metakaolin
https://en.wikipedia.org/wiki/Titanium_dioxide
https://en.wikipedia.org/wiki/Aluminium_oxide
https://en.wikipedia.org/wiki/Vermiculite
https://en.wikipedia.org/wiki/Iron_ore_pellets
https://en.wikipedia.org/wiki/Rebar#cite_note-1
https://en.wikipedia.org/wiki/Steel
https://en.wikipedia.org/wiki/Reinforced_concrete
https://en.wikipedia.org/wiki/Masonry
https://en.wikipedia.org/wiki/Industrial_mineral
https://en.wikipedia.org/wiki/Portland_cement

YMYMJIAIITAPUITAH HOMHU.
[TopTnanaieMeHT KIMHKEPUHUHT
WKKUHYHA aCOCHI
MUHEpauIapuaH OupuIup -
2Ca0-Si0; (C,S). Y amutnan
JacTiabKu KyHIap/a CeKUH
KOTHIIM OMiIaH GapKIaHasm.
YHUHT acocuil MyCTaXKaMJIUTH
Oup iinn arpoduaa TYTUIAHAIH.
By MycTaxxaMiuK aquTHUHT
MYyCTaxKaMJIUTUTa SIKUH.

Ca,Si0,4, sometimes formulated as 2
CaO - SiO; (C,S in cement chemist
notation).

bemon

MabJIyM MUKIOpAA Yi4ab
OJIMHTaH OOFJIOBYH MOJIA,
Maiiia Ba HUPUK TYJIIUpFUUIap
Ba CYB apaJlalliIMacHIaH TallKuI
TONTraH KOPUIIMaHUHT acTa-
CEKUH KOTHUIIIN HaTHXKAacuIa
xocua Oynarad cyHbuid Tom. Y
CyB OmiiaH OOFJIIOBYMHU
peaKmusici HaTWXacuaa
OOFJIOBYHM MOJJIAHUHT
3appavaiapuiaH, SHTH XOCHIT
Oyiran MuHepasuiapaaH,
TYJIUpFUYIapiaH, CyB, 0ab3u
BaKTJap/a KYyIIUITaH
KYyIIMMYaaH, KHPUTUITAH
XaBoJiaH ubopar Oynran
Mypakkad Ky KOMIIOHEHTJIN
cucrema.

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 OUp Heua KypuJIuIll
MailoHIapura Xu3smMar KuiryB4u
Ba OETOH KOpUIIMacH €KH KypyK
0ETOH KOpPUIIMACHHU Tal&pall
YUyH BaKTHHYAJHMK EKU TOUMUH

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

SIHTM Tallépiianrad 6eToH
KOPHILIIMAaCHUHU KyBYpJ1ap OpKailu

A concrete pump is a machine used for
transferring liquid concrete by pumping.
There are two types of concrete pumps.

ETKU3UII JKolnra eTka3ub Oepuin
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YUYH IUTyHKEpJIU (TIOPILEHIIN)
HACOCJIM MallliHa.

T'udpasnux
0o2noeuu
Moooanap

XaM XaBoJia XaM cyBja KoTuo ¥3
MYCTaXKaMJIUTHHU XaBOJa XaM
cyB/a xaM (CyBJa SXIIUPOK)
omupud 6opaau.

cement) set and become adhesive due to

Hydraulic cements (e.g., Portland

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 silicatesictation neededly it
lime (calcium oxide).

T'uopamayusa

MHHEpAI 6OFJIOB‘~II/IHI/IHF, MHCOJI
YUyH [IEMEHTHUHT CYB OHJIaH
¥3ap0O TabCUPUHUHT LIEMEHT
TOIIMHUHT XOCHJI OYIHIIN
JKapaCHUAUD.

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

I'panynomempusn
(Oonaoopauk
mapxkuou)

TYJIIUPrud JOHAJAPUHUHT
WHPUKIINTH Ba YHJAru
aoxuaaru paxkuusuiap
MUKJIOPUHU XHUCOOTa OJTyBUU
XYCYCHHAT.

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

Honaoop oomna
wnazu

METaJITypIrysi CAHOATUHHUHT
YUKUHAUCUANADP. MeTain onumiaa
JIOMHA KO30HU CUPTHUTa
KyTapWiIral SpUTMaHH Te3
CypbaT/aa COBYyTHO HUPUK KyM
CUHI'apH FOBaK JOHaJapJaH
Tamkui Tonrat (5-10 Mm) mutak
OJINHAJIN.

Ground-granulated blast-furnace
slag (GGBS or GGBFS) is obtained by
quenching 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-
oemon

3aBOJJ1a Tal€pIIaHraH TEMUP-
0ETOH KOHCTPYKLHMsLIIAP.

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.
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Hupux mynoupauu

nraraJl TOII Ba YaKHUK TOII.

Coarse aggregate

Kepam3zum

KYI FOBaKJIM, MyCTaxKam, €HI'HII
roBak Tynauprud. Kepamsur
onuuia XxoM ami€ cudaruia

tapkuouna 6-12% rtemup okcuau

( 1-3% opranuk apanammaiap)
OyiraH eHrusi 3pyBuaH JIoi
unuatuiaau. Ham éku HuMm

KypYyK yCyiaa Tau€piaHraH Jou

1100-1300°C ma xymaonaa 30-
60 MUHYTAA NULIIUPUTIAJIH.
[Tummpura sxapaéHuaa JJouaaru
OpraHMK apanammManap Kyinuo,
KOMIIOHEHTJIap ypracuaa

OKCHJIJTAHUIII OOIIUTAHAIN Ba ra3

axpana oonutaian. Hatmkana

JIOM KYyIT4MIM Ba yHAA FOBAKJIap

Xocui OYIam.

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

acoCaH KaJblUi CUIMKATIApH,
JIIOMUHATIApU Ba
anoModeppUTIapyuIaH TALIKUI
TOITaH, XOM allEHN TUIIUPUO
OJIMHI'aH, NOPTIIaHAUCMCHT
uiIad YUKApuUIl yIyH
dolinanaHmIaIurad MaxcysoT.

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.

Koncmpyxkuyusa

1. ITHIIOOTHHUHT aBBaiiaH
Tal€pIIaHaInraH Ba
MypakkaOpoK OyTyH (MHIIOOT)
TapkuOuIa OYIyBYM >KOMHUTA
Tamub onud OopuIaauran
KUCMHU. 2. UHIIIOOTHUHT ¥3apo
OOFJIaHTaH MOAJINN KUCMJIApUHU
(zeBop, ycTyH, mudT, rymoas
Kabu) uQoIaToBYH 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, [€®tion needed] gesign and
financing and continues until the project
is built and ready for use

Mukpcmpykmypa

MHKPOCKOII OPKaJIN
KaTTaJIAIITUPWITaH/a Ky3ra
KYpPUHYBYH CTPYKTypara
aliTunagu.

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
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strength, toughness, ductility, hardness,
corrosion resistance, high/low
temperature 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
called nanostructure, while the structure
in which individual atoms are arranged
is known as crystal structure. The
nanostructure of biological specimens is
referred to as ultrastructure.

Onounoan
3YPUKIMUPUIZAH
memup-6emon

MAaxCyJIOTHHU Tal€piall BaKTUIa
apMarypaja €K yHUHI MabIyM
KHCMUIa XUCOO-KUTOOIap
acocuia apMaTypaHH TapaHTIad
JacTnabKu 4y3yBUH
3YPUKHUIILIAPHU XOCUIT KUJITHO,
0eToHaa EKM YHUHT MabllyM
KUCMHJIA CUKWJIAIIIHA XOCHUJT
KUiIuO TalépiaHraH TeMUp-
0ETOH KOHCTPYKIHSIIapH,
AIIEMEHTIIapHu Ba OyroMIapuaup.

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 TYJIAMpYBUMIIapaaH (Maiaa
Ba iMpuk) Qoitnananud
Tal€piaHraH - HHPUK JTOHAIN
€xu (akat maiiga
TynaupyBunaas ¢oinananuo
Tal€piiaHarad - Maiza 3appaiu,
1800 san T0 2500 Kr/m°
3UWIMKKa 3ra OYiraH 314
CTPYKTypaiu 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.

ITnacmuknoeuu
Kymwumuanap

Kapamail mactajapHUHT
XapakaTjJaHyBYaHJIUTU
(OKyBYaHJIHU, SIXIIU
YKOWUJIAITYBYAHIUTH )HU
OLLIMPYBYM KyIIUMYaap.

KyAa 03 MUKIOpIa Ky IIWIUIIUTa

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
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materials are also improved when
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

IHopmaanoyemenm

MOPTIAHIIIEMEHT KJIMHKEPH Ba
TUTICHY OWprajvKiaa MauH
TYWHIII HATH)KACH]1a OJIMHTaH
KYKYHCHUMOH MaTepuaira
aiitmnagu. Tyiinm naiituna daon
MUHEpaJ KymrMya €Ki OoIlKa
KylIMMYaJIap KyIIWIUIIN
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.

IHopmaanyemenm
KAuHKepu

(30...25 %) runtynpox Ba
(75...80 %) oxaxTou €xu
TaOUUI MEpPreiHu KU3AUpUo
OMPUKTHUPHIL HaTHKacua
OJIMHAJIUTaH MaxCyJOT.

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 Tali€piianran 6eToH
apajamMacua CyB MaCCaCHHUHT
LIEMEHT Maccacura Hucoatu

TYLIYHUJIAIH.

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.

Cosykka
YUOAMIAUTIUK

MaTepHUaJHU CyBra TYMHUHIaH
XO0NUAa Ky MapTa KeTMa-KeT
My3J1aTHO Ba 3pUTUITaHAA
Oy3mmb KeTMacaaH Ba
MYCTaXKaMJIUTMHU MYKOTMACIUK
KOOMJIMSATH Ba MyCTaXKaMJIUTH
25%, maccacu 5% aH OpTUK
Kamaitmaca, 0y MaTepuant

COBYKKA YnJaMin 1ed

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
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XUCOOIaHAIN.

ds primarily on the structure of the mater
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 MaTepuall €Ki MabHaBUI
IXTUEKITAPHNA KOHIUPUIIT
MMKOHUHU OepyBuu ¢oiinanu
xoccajap MaxMyu. Y
UIIOHYWINJIMK, Y30K BaKTIra
YUJAMITHIIUK, TEKAMIIAIUK,
dboliganuuk Ba 0. Jap OuaaH
XapakTepJIaHaau.

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.

Cmepocennu
apmamypa

CTEPIKEHJIM TEKUC EKU JaBpUU
npoduuM mynaT apMaTypa;
0ab3u xoIyiapaa TEPMHUK UILTOB
0epub €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

nynaT apMaTypa Ba OETOHHHU
OUPHUKTHPUO OJTUHTAH SIXJIUT
MaxcCyJao0Tra auTuiIaau.

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 TunuaaH (techne) Tapxxkuma
KWJITaHJa CaHbaT, Maxopar,
OUITUII MabHOJIAPHHU
WHIIaTaau, Oynap aca ¥3
HaBOaTH1a xapaéHIapaup.

echnology ("science of craft",
from Greek téyvn, techne, "art, skill,
cunning of hand"; and -Aoyia, -logial®)
is the collection of techniques, skills,
methods and processes used in the
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xapaénnap - Oy Kyluiran production of goods or servicesor in the
MakcaJra SpUIInII yayH MasiayM | accomplishment of objectives, such as
Xapaxatiiap MaKMyacuIup. 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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