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beron Ba TeMup-0€TOH TEXHOJIOTHUSIIApU

I. 119U JACTYP

Kupu

Numam  pmactyp onmid Ba ypra Maxcyc TabiuM Myacccacallapd IIenaror
KaJpJApHUHI KacOMM Tal€prapiiuru JapaxaCuHHU PUBOKIAHTUPHIL, YJIAPHUHT WUIFOP
NeJaroruKk  TaxpuOalapHW  YpraHulUIapd  Xamja  3aMOHAaBUW  TabiIuM
TeXHoJIoTHUsUTapuAaH  doWpamanum  OyiiMya  Majaka Ba  KYHHKMaJIapWHU
TAKOMHWJUTAIITUPUIIHA MaKCcaJ KUIaJau.

Nurgu nactyp Ma3MyHUIa XOPHK TabJIUM TaXpUOacu, pUBOKJIAHTaH JIaBliaTiap/ia
TabJIUM TU3UMU Ba YHUHT Y3HUTra X0C )Kuxatiapu Eputud Oepuiras.

Ymby wumum jgactyp O€TOH Ba TeMHpOETOHIAaH (oWgaNaHuIll —KypUIIHII
TEXHOJIOTHSIIApU COXaCHJa KYIITMHA I0TyKJIapra SpHILUILI Ba 11y OujiaH OMpra 4uaamiu,
MULIUK-TYXTa, YJIKaH, HOOUp OWHO Ba MHUIOOTJIAPHU 0apro 3TUII UMKOHUHU O€pMOK/A.
[llynpaid 5KaH ynapHH acpuMH3 MATEpPHAIMA JI€CaKk SHIVIMIIManMu3. by Typaaru
TEMHUpPOETOHJIaH KypWJIMIJAa KEHI Kynamjaa ¢oijasaHull yJapHU HIIad YHUKapHIL
TeXHoJoruscu  OwnaH  Oofnmuk.  OnauHAaH ~ 3YPUKTUPWITaH  TEMUPOETOH
KOHCTPYKUMSJIAPHHU YJApHU JIOMMXaJaHraH XOoJuAa Kyja0oja ycyija MeXaHuK acOo0
yCKyHanap (TOpTUII JOMKpaTiapu, BUOpaTopiap Ba Oomk.) €prammiaa Tai€pnaml -
TEXHOJIOTMK YCKyHallap JIOWMXACHMHM TaW€piamiHu KUWWHJIAIITUpagd Ba Oy
MexaHu3MIIapAaH ¢oianaHuin caMmapacu kyaa nact Oymaau. UlyHuHr ydyH 3aBon
mapoutuaa Ta€pnam  yuyH (akaTruHa KeHr (QoijanaHuiaguraH - OJJIUHJIAH
3YPUKTUPUITaH TEMUPOETOH KOHCTPYKUHMSJIAPHUHT XWUIAPUHU TaHiad OJUII 3apyp
Oynanu. By sca kenrycuna KOHCTPYKLHMs Typjlapd Ba YJIApHUHT XWJUIAPUHHU OLIUO
Oopurmmra Epaam Oepaau.

Numau  pacTypHUHT Ma3MyHU THUHIJIOBUWIapHU “BeroH Ba TeMup-0eTOH
TeXHOJIOTUSIJIApY~ MOJYJHJArd Ha3apuil METOMOJOTHK MyaMMoJiap, 4YeT 31
TaXpuOacH Ba YHUHT Ma3MyHH, TY3WIHIIH, Y3UTra XO0C XyCYCHUSITIIapH, WIFOP FOsUIap Ba
Maxcyc (Qanmap Joupacujard Ouiaumiap Xamja Jaoji3apd MacalaJjapHH EUUITHUHT

3aMOHAaBH ycyiiapy OWJIaH TaHUIITHPHILIAH HOOpaT.

MoayJJHMHI MaKcaau Ba Basudanapu

“beTOH Ba TeMHUP-0€TOH TEXHOJIOTUSJIAPUA” MOAYJIMHUHT MAKCAAU: NIeAaror
KaJpJlapHU KalTa Taii€épaill Ba Majaka OIIUPUILI KypCH TUHTJIOBUWIAPUHU KYPUIIHIILL
Marepuauiapu, OyromJIapu Ba KOHCTPYKIMSUIAPUHU WILTA0 YUKAPHUII COXACHIIard
WHHOBallMsJIapra  JOMp  OWJIMMIIAPUHM  TAKOMIJUIAIITHPHUIN,  WHHOBAIMOH
TEXHOJIOTMSUIAPHYU  Y3JIAIITUPUIL, >KOPUM ITUII, TablIUM aMaluE€THUAA KyJUlall Ba
sapaTuin 6Vindya KyHUKMa Ba MaJlaKaJIapUHU TAPKUO TONITUPHIII.

“beTOH Ba TeMHP-0€TOH TEXHOJIOTUSJIAPH” MOAYJIMHUHT Ba3udanapu:

- OCTOH Ba TEeMHP-0ETOH TEXHOJIOTHSJIAPU COXACHJArd MebEPUU XyXoKaTiap,
UIUIa0 YUKAPUII TU3UMHATH MaBXYyJ MyaMMOJap Ba SHEprusl Ba Marepuai UKTHCOJ]
KWW OuiaH OOFJMK caMapaZop TEXHOJIOTHsUIapJard WHHOBALMSUIAPHU YpraHWINra
WYHAITUPULL;



beron Ba TeMup-0€TOH TEXHOJIOTHUSIIApU

- THUHIJIOBUMWIapAa OETOH Ba TEMUP-OETOH MaxCyJaoTiapu HIUIA0 YHUKAPHIL
coXacuJard WIFOp TEXHOJIOTUsJIapUra JOUp OJITaH SHrH OWIMMIIapUHH Y3 (QaHIapuHH
YKUTHIIIA YPUHITY WIIUIATa OJIUII KYHUKMATapHUHUA XOCHII KWIMIIIaH HOopaT.

Moay.a 0yin4a THHIJIOBYMJIAPHUHT OMJIMMH, KYHUKMACH, MAJIAKACH Ba
KOMIIeTeHIUSIJIAPUra Ky HWJIaaurad tajgadsaap

“beToH Ba TEeMHpP-O0ETOH TEXHOJOTHSUIApH KYPCHUHH VY3JAIITUPHII >KapaéHHIa
amaJra OlMpUIaJUral Macajaaap JOUpacuias

TunraoBun:

- OETOH Ba TeMUP-O0ETOH TEXHOJOTHUSIAPU COXACUJIATH CYHITH I0TYKJIap, MEbEpIIap
TU3UMU,

- KYPWIHII MEBEP Ba KOUJaJapura KUpUTUITaH y3rapTUpHIILIAp;

- 0EeTOH Ba TEMHUP-OCTOH TEXHOJIOTHSUIApU coxacujaru (paHiapHu YKUTHIIIATH
WJIFOP XOPWXKUU Taxpudanap;

- MaxcCyJIOT UIUIa0 YMKAPUIIIard HHHOBAIUSIIAP;

- 0eTOH Ba TeMUP-0E€TOH TEXHOJIOTUSIJIApPU COXACHUIarH 103ap0 Macaianap;

- MaxCyJIOT MIuIad YUKApUIIIa DHEPrusi Ba PEeCypc TEKAMKOPJIMTUHU OLIUPHIIL
yCyJIIapy XaKu1a OMJIMIIM Kepak.

TunraoBun:

- V36ekucton PecryONMKACHHMHI apXUTEKTypa Ba KyPHIIMII COXACHJATH
MEBEPHUI XyOKaTIap TH3UMUATH Y3TapuIIapHU aMaTETra TaTOMK dTa OJTHUIII,

- 0eToH Ba TEMHUpP-O0ETOH MaxCyJOTJIapu MIUIA0 YMKAPUIIHHU camapajid TalIKWJ
KHJTATIT;

- 0eToH Ba TeMUpP-OETOH MaxCyJIOTJIapy UIUIa0 YMKApHUIIA 3aMOHABHM DHEPTHs
Ba PECYPC TEKAMKOP TEXHOJIOTHUSIIIAPHU KYJUIal OJIUILL,

-MaxcyJoT Typu Ba (QoifamaHuiIagdraH coxacura kKapabd 3apyp OeToH
TapKUOJApUHU JTIOMMXaai OJIUIII;

- OeToH Ba TeMHUP-OCTOH MaxCyJoTiapu WIIiad YUKapuiga KUMEBUN
KyImuMyanapaH YHyMJIu ¢oiianana oJuil;

- WIMUN anabuéTinapja KeNTUPWITaH 3aMOHABUN MabIyMOTJIapHHU HM371a0 Toma
OJIUIII Ba yJIAPHH TaXJIAJI 3Ta OJUII KYHUKMAJIAPHUTa dra OYIUIIH JIO3UM.

THUHIJIIOBYM:

- OCTOH Ba TEMHUP-OCTOH TEXHOJOTHSIAPU COXaCHJIAard XajaKapo HPUIIMITaH
IOTYKJ1ap/iad (poiiaaHuIl Ba UIFOP TEXHOJIOTHSITIAPHU KOPUM 3TA OJTUIII;

- unuUiad 4YMKapuiaaguraH MaxcyjoT cudaThuHM 3aMOHaBHl acb00 Ba ycyJap
€épIamMuia aHUKJIAM OJIUIIL;

- MaxcyynoT cupaTWHU TabMUHJAII YYyH caMapajid TEXHOJIOTHK >apa¢HIIapHU
TaHJIAII Ba TAIIKWII 5T OJIMII MAJIaKaJapura sra OYIuInm 3apyp.
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THHIJI0BYM:

- ¥3 (annapuHu YKUTHIIA OCTOH Ba TEMUP-OETOH TEXHOJOTHSJIApH COXaCHIaru
MEBEPUN XYXOKAaTIap THU3UMUJIArd, OCETOH Ba TEMHUP-OCTOH MILIA0 YHUKAPHUII
coxXacujaru MHHOBaLMsUIApJIaH XaM/Jla UIFOp XOPKHUKM TakpubanapaaH sSHIHIMKIapIaH
YpuHM ¢oiganaHa oJvIll KOMIETEeHIIUAJAPUTra 3ra OVIUIIH JIO3UM.

Moay/iHH TAIKWI 3TUII Ba YTKAa3HII OYHUYA TaBCHSAJIAP

“beroH Ba TeMHUP-OETOH TEXHOJOTHUIApK MOIYJIWHUA YKUTHII >KapaéHua
KyWHJard  WHHOBAIlMOH  TabJIMM  [IAKUIApU  Ba  aXOOpOT-KOMMYHUKAIUS
TEXHOJIOTHSUIApY KYJUIAHUJIMIIY Ha3ap1a TYyTUITaH:

- 3aMOHAaBHM ax0opoT TexHoJorusulapu EpaamMuaa uHTep(haosn Mabpy3alapHH
TAIIKWJI 3THILI,

-aMaNMii  MamFyJIoTiIap 3aMOHABUM TabiuM yciayOjgapu Ba HWHHOBAIMOH
TEXHOJIOTMsJIApra acOCJIaHTaH X0JI1a YTKAa3UIIHUA Ha3ap1a TYTHIAAH.

MoayJHMHT YKYB pekajard 00mKa MoayJiap OujaH OOFJIUKJIMIY Ba Y3BHAIUTH

“beToH Ba TeMHUP-OETOH TEXHOJOTHSIApU MOIYJIH OYirWYa MaIFynoTiaap YKyB

pexacuaarn  “Kypwimin Marepuaiapy  yMpOOKuiiauru”, “3aMOHaBUNA KYPHUJIMIII
MaTepuajijlapd Ba KOHCTPYKIUsIapu ~ Ba Oomika Onok Qannapu OuiiaH y3BUM
OOfJIaHraH.

MoayJHMHT 0JIMHM TABJIUMMIATH YPHH

®aH oJMi TabJIUM Myaccacalapy Meaaror KaapJIapuHUHT KacOui Taléprapiuru
JapaKaCuHU PUBOKJIAHTUPHUII, YIAPHUHT OETOH Ba TEMHUP-OETOH TEXHOJOTHsIapUa
3aMOHABUN 3HEPTUS Ba PECYPC TEKAMKOP TEXHOJIOTHSUIAp Ba COXAJard MHHOBALMSIIAP
Oyiinua Manaka Ba KYHUKMaJapUHU TaKOMWUIANITUPHUINTA KApaTWITaHJIUTUA OWJiaH
axamMuaTIuaup. MoOAymHU Y3JalITUPUIN  OpKald THUHTIOBYWIAp V3  (anmapuHu
VKkuTHIa OETOH Ba TEMHUP-OETOH TEXHOJOTHSIAPH COXACUIATH MEBEPHUM XyXKKaTiap
TU3UMHUAAru, 0ETOH Ba TEMUP-OCTOH MILIA0 YMKAPHUII COXACHJard WHHOBAIUsIIApIaH
Xamjia WIFOP XOPWKUN TaXkpuOaiapiaH SHTUWIMKIApIaH VpUHIM QoianaHa OJIHII
KpeaTuB Ba TEXHOJIOTHK KacOWil KOMIETEHTIIMKKA Ara Oynaaumnap.
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HA3APU MAIIFYJOTJAP MABMYHHU

1-maB3y: beron Ba Temup-0eron. YmMymuii Mmabaymoraap. Kupum. beronnap
knaccudukanusacu. beron Ttait€pnam yuyH watepuanap.beton Ba TemupOeToH
KOHCTPYKITUSITIAPUHUHT aCOCUHM TypJlapy Ba yjapra Kyiuiaaurad tainadmnap.

2-maB3y: beron KopummMacu. Llement kotumm xapa€nu. LlemeHT runparanuscu
Ba LIEMEHT XaMHpHU XOCCAJapWHHU aHUKJIAIL. BEeTOH KOpHIIMaJTapUHUHI XOCCajapu Ba
yJIapHU aHUKJAI ycyuiapu. beTtoH xoccanapura tabcup 3TyBYM omwuiap. Kypunuin
WHIYCTPUSICHU]IA SHEPTUS TEKAMKOPIIHK.

3-map3y: bBeronyiap Ba KopumMaJjap y4yyH KUMEBHIl Kymum4iasnaap. beton Ba
TEMHUPOETOH KOHCTPYKUMSJApHU Tail€prnama (GoigalaHuIauran  Kylmumyaiap
Kiaccuukanugcu. I'paHyTOMeTpUsIHM ONTUMAUIAIITUPUILIA KYKYH TYIIUprayiapaH
doitnananumr. Maxcyc okopu mycraxkaminkka sra 6eton (UHPC-100-150 MITa).

4-maB3y: MoHouuT KypwiInMm. Ymymud MabiaymoTiap. Kyiima 6eToH.
Xoccanmapu. QoranaHuIl COXajlapu.
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AMAJIMIA MAIIFYJIOTJIAP MABMYHHA
1-amanui MalmFryJa0T: beToH Kopumacu.
2-amaJyiuii MalIFyJo0T: beToHnap Ba KopHuiMasnap y4uyH KUMEBUHM KylIMMYasap.
3-amayiuii MAIIFYJI0T: MOHOJIUT KypHUJIUIIL.

4-amayanii MamryaoT: betoH Ba TeMUpOETOH OyroMIlapu Ba KOHCTPYLHMSUIAPUHU
uiIad YuKapuiia THHOBAIIMOH TEXHOJIOTHUsLIaP.

beron Ba Temup-OeToHAAaH TapuxWii Ba 3aMOHaBHH KYJUIAHWITAHU TaXJIUIH.
YMyMKypHIHIII Ba Maxcyc OCTOHJIApHUHI TapKUOMHHM XucoOnami. 3aBoj IIapOUTHAA
HuFMa TeMHUp-OETOH Ba MOHOJIUT Kypwiuinja QoiiianaHuinaaurad OETOH Ba TEMHp-
O0eToH Taxauiad. BeToH Ba TeMUP-OETOH  TEXHOJIOTHSCHAA PECYPCTEKAMKOPIHK
HyJIUIapu.

YKUTHII ITAKJIJIAPHA

Maskyp Moayn 6yiinya KyiHugaru YKUTUIN MIaKuiapuaad GoiiaaaHuIaam:

- Mabpy3aiap, aMaluii MalFynoTiaap (MabIyMOT/Iap Ba TEXHOJIOTHSUIAPHU aHTIIa0
OJIWIII, AKJIUHN KU3UKUIITHU PUBOKIAHTUPHUII, Ha3apuil OMJIMMITapHU MyCTaxKamJiall);

- naBpa cyxOariapu (Kypwia€rraH JoWuxa edyumiiapu OViimda Ttaknudg Oepurnn
KOOMJIMSTUHY OLIMPHIIL, SIITUTHIIL, UAPOK KWJIMII Ba MAHTUKUH XyJocanap YUKapui);

-0axc Ba MyHO3apajap (Joiiuxanap e4yuMmMu Oyiinua namwuiap Ba  acociu
apryMEHTJIApHU TaKIAM KWIWII, OIIUTUII Ba MyaMMOJAp C€YMMHHHU  TOIWIII
KOOMJIMSTUHYU PUBOKIAHTUPHILI).
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II. MOJIYJIHU VKUTHIIIA ®ONIATAHUIAIUTAH HHTEP®AOJI
TA'BJIMM METO/JIAPH.

AManmuii MaIFyjgoT JapciAapHHM YTKa3WIl JaBpUAa MabJIYMOTJIAPHU TaXJIHII
KWJIUII, COJUINTHPHII Ba TaKKOCIAITHUHT BeHH muarpammacu Ba T jkaaBavjgaH
dhornananuIagm.

Benn auarpamMmmacu.

MeToaHUHT MaKcagM: 2 Ba 3 KUXaTIapHU XamMJa yMyMUHA TOMOHJIAPUHU
COJIMILITUPHIL €KU TAKKOCIAII €KUM KapamMa-KapIly KyWUIl YU4YH KYJUIAaHWIAAU. TU3nMIn
bukpnam,  COJIMIITHPHUIN,  TAaKKOCHAll,  TaxJIMJI  KWIMII  KYHUKMaJapUuHU
PUBOXKJIAHTUPAJIN.

TunrnoBumnapun BeHH auarpaMMacuHM Ty3WIl KOWJAcu OWJiaH TaHMILAIUiIap.
Anoxyia KWUYMK TypyxJapjaa auarpaMMma BeHHHM Ty3aaunap Ba KECHUIIMAWIWTaH
XKoMnapHHu (X) TYJIaupaguiap

JlonpanapHu KECHIIYBYM KOWHMIA, WKKU-y4 JOHMpajap Y4yH yYMyMHil Oyiras,
MabJIyMOTJIAp PYUXATUHU Ty3aU.

Benn nquarpammacu

Temup-0eTon

Beron 1. Munepan
1. Munepan OOFJIOBUMIAPAAH
OOFIOBUMIAP]T dboiinananuo
aH BOFFOBLH’IH&H TalépraHay.
dborinamanno %ﬁgﬁgﬁiﬁ?g 2. CyHbuii Tom
TaﬁépH%HaHH. CyHBHIT TOIIL. 5 MaTepuaiu.
2. Cymbuii Tom | Ok x§rapum THTHILTA HITAMHHA
MarepHuay. KOGHIHATH SXIIWIANI YIyH y1aT
3. Koncrpykimon apmarypa OuiaH
Ba MaxcCyc Ky4IaHTHPUIAIN.
TypJIapH 4. KoHCTpyKIIMOH

Marepual.

T — skaaBaga

buta koHuenuus (MabIyMOT)HHMHT >XUXATH Y3apO COJUIITHPUIN EKU YyJIapHU
(xa/iyK, xa/Kapuim) y4yH.

MeToaHMHT MaKcaau: TaHKUIUN MYIIOXa1a PUBOKIAHTUPAIU

T — >xanBan Kouganapu TaHUIIWIAIU. SIKKa TapTHOAa paCMUNIAIITUPIIIAIN.

ApaTwiiran BakT opanuruja taptubaa (KypTaukma) TYIAMpamd, YHUHT dYan
TOMOHUTA cababnapu €3mIaau, YHI TOMOHHUTA 3ca Yarn TOMOH 12 udo1a Kapama — Kapiiu
FOsIap, OMUJUIAP Ba Iy KaOuiap.
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XKagsamnap xydraukaa (rypyxaa) TaKKOCTAHUIIN TYIAUPUIHILN
bapua ykyB rypyxu srona T — Ty3anu.

MoHoauT KYPUWIHNIIHHUHI aB3aJUIMKIIApXU Bd KaMYUJIUKIIaApH

AB3aJUTHKJIAPH
*  MumapHuHT Te3 OaXapuiIHILIu;

* HamyHnaBuii KypwIHII 3J€MEHTIapura
OOFIMK OyJIMaraH xoJijja OMHOHHHT XOXJIaraH
MIAKIAHA TaHJIaml MMKOHUSTHHHHT
MaBXY/[JTATH;

*  YoxnapHUHT WYKIUTH OWHOHWHT TOBYII
Ba MWCCHUKJIMK W3OJLILIUACUHU SIXIIWIANuIH,
Japsiap OJIIM  OJMHAIHU,
OMHOHUHI Ba3HM THacasiy, KOHCTPYKLHUS
MYCTaxKaMJIUTUHUHT OpTUILIH YHHUHT
YMpPOOKUIIUTUHU OPTUPAIH;

KCTUIIUMHUHT

° IOKOpI/I COBYK TabCHUpUT'A YN AAMIINIIUK.

Kamuniukaapu

KapKaC-HaHCJ'IJ'II/I Kypujiuiira HHCOaTaH
MCXHAT Ba XapaxKaT XKUXaTUuAaH IOKOPHU,

MYypHiap
aBBaJlaH Ky3ga TyTWIraH Xojja Oapro
STUWIMIIKA KEpaK, YyHKH KEHMHYAIUK MabllyM
Y3rapTUpHILIAPHU KUPTU3HII KUMUHYWIAKIAD

TYFIUPAIH;

- HWHXXCHCPJIMK THU3UMJIAPU Ba

- beronmam wunuapu +5%Cnan OKOpHU
Xapopataa 0axapuiIHily JO3UM, ITYHUHT YIyH
KHUII KyHJapu OeToHNam unuapu OeToH
KOpUIIIMAaCUHU  HMcHTHIN  (OakapuiiaguraH
WIUTADHUHT  CU(ATHHHU  TAacCaTUpUII  Ba
SHEPTUsl XapaxkaTJIapuHU OPTHUINUTA OJIUO
Kenaau), €KU KUl BaKIIapujaa OeTOHJIAIT
WUIUIAPHHA  OaKapuill WMKOHUHH OepyBYH
Maxcyc Kymumyanapaad ¢oiiganaHui 3apyp.

“Keiic-cTaan” MeTOIH

«Keiic-cTagm» - uHrIM34a cy3 0ynuod, («case» — aHUK Ba3HsT, Xoauca, «stadi» —
VPraHMoK, TaxJIWJd KWJIMOK) aHMK Ba3HSTIAPHU YPraHMIIL,
VKUTUIITHU aMalira OILIMpHUINTra KapaTWwiraH MeToj XucoOiianaau. Maskyp MeToj
nactnad 1921 ¥un TapBapn yHHUBEpPCUTETHIA aMalivil Ba3uSTIApJaH HMKTUCOIUN
OomkapyB (annapuHu Yprauuimga doiganaHum TaptuOuma kyananuiraH. Kedicna
OuMK axOopoTiap/iaH €KW aHMK BOKEa-XOJIMCAJaH BazuAT cudatuaa TaxJdil y4yH
doinananum MmymkuH. Keiic xapakaTmapu y3 vuura KyduaarujgapHu Kampad oJajau:
Kum (Who), Kauon (When), Kaepna (Where), Huma yuyn (Why), Kannaii/ Kanaka

(How), Huma-natmxa (What).

TaxJIMJI KHWJIHUII acoCHuaa
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“Keiic MeTOAU” HM aMAJITA OIIUPHUII OOCKHUWIAPH

40011
00CKMYJIapH

D20uAT MAKIA
BAa Ma3MYHH

1-60ckuu: Keiic Ba yHUHT ax00poT
TabMUHOTH OMJIaH TAHUIITHPHII

v’ dKKa TapTHOaru ayauo-BU3yall MIIL
v/ Kelic Omiad TaHUIIUII(MATHIIN, Ay10 €KUM Meaua
IaKJza);
v ax0OpOTHHM YMyMJIAIITHPUIIL,
v ax00poT Tax Iy,
v MyaMMOJIapHH aHUKJIALI

2-00ockuy: KelicHM aHMKIAIITHPUIIT
Ba YKyB TOMIIUPUFHU OCITHIIAII

v\ MHIMBHIyaJ Ba IypyXJa MIILIALLL
v\ MyaMMOJIapHH J013apOIIMK HEPAPXUACUHI
AHUKJIAILL;
v acoCHii MyaMMOJIM Ba3sHsTHH OeJITHIIal

3-6ockuu: Keticnaru acocuit
MYyaMMOHH TaXJIWJI STHII OPKAITU
VKYB TONIIUPUFUHUHT €YUMUHU
W3JIall, XaJl 3THUII WYIUTapUHU UIILI1a0
YUKHUII

v MHIMBHIyal Ba TypyXJa HIILIAILI,
v MyKOOWJI €4UM HYIUIaprHK UILIA0 YHKHIIL;
v’ xap OMp eYMMHUHT HMKOHUSTIAPH Ba TYCUKJIAPHU
TaxJIWJI KWIHLLL
v MyKOOHII €4UMITAPHH TAHJIAII

4-00ckn4: Kelic eunmMuuu
SYMMHUHHU NTAKUTAHTUPHII Ba
acocJiall, TaKJIuMOT.

v/ sKKa Ba TypyxJia WIILIALI;
v MyKOOWIT BapHaHTIapHH aMalia KyJuar
MMKOHUSTIAPUHY acOCJIalll;
v WKOIHI-JIONMXA TAKIMMOTHHH TaiépJiali;
v AKyHUH XyJI0Ca Ba Ba3UAT €IUMUHHUHT aMaJInii
ACIEKTIIApUHU EPUTHUIL

Keiicau 6a:kapum 60cKYMJIaApU Ba TONIIMPUKJIAP:

« Keiicnaru MyaMMOHHU KeITUPUO YMKapTaH acocuii cababiapHu
OenrunaHr(MHIUBUAYaN Ba KUYUK TYPYXJa).

* MoOw1 nioBaHH UIIra TyIIUPULT YUyH OakapuiiaaruHa uiuiap
KeTMa-KeTJIUTUHU Oenruianr (KyQTiauKiIapaard ui).




beron Ba TeMup-0€TOH TEXHOJIOTHUsIIApU

I11. HA3BAPUI1 MATEPUAJLJIAP

1-maB3y: beron Ba TeMupOeTOH. Y MyMHUii MabJayMOTJIaP.
Pexa:

1.1.Kupwu.

1.2.betonnap kinaccupukaIuscH.

1.3.beToH Taiiépnai yuyH MaTepyuaiap.

1.4.beron Ba TeMupOETOH KOHCTPYKIMSUTAPUHUHT aCOCHM TypJiapH Ba yiapra
KYWHJIaiurad tanadmnap.

Taanyu ubopanap: 6emon, memupbemo, muHepan O0N084U, MAXCYC OemoHaap,
KOHCMPYKYUs, UUPUK MYIOUPYSUU, MAt0ad MYIOUpysdu, KVKYHIU MYLoupysdu, OemoH
Kaaccu, OemoH Mapkacu, co8YK mavbcupuea YuoamiuIuK.

1.1. Kupum.

TexHUK Ba MKTUCOIUN KYpcaTKUWIapW Japaxkacu OVitmya OETOH Ba TeMUPOETOH
nyH€na Kypwidil Oyiomiapd unuiad 4YUKapuIl THU3UMHUJA XaHy3rada acocui
KOHCTPYKIITMOH Matepuan Oynu0 Koiamokaa. Ho€0 xoccamapra sramuru cababim
ynapaapias ¢oianaHui coxalapu KeHraiind 6opMokaa Ba 11y OuiiaH Oupra KynruHa
XoJilapAa KOHCTPYKIUsJIap Tal€praiiga KUMMAT OYJraH METaJUIHUHT XaM VpHUHU
ArajyIaMoK/a.

beron Ba TemmpOeToHmaH (olgaTaHUII KypUJIUII TEXHOJOTHSIAPH COXACHIa
KYIITHHA FOTYKJIapra SPUINMIN Ba Iy OwjaH OWpra 4uaamiid, THUIIAK-TTyXTa, YIIKaH,
HOAMP OMHO Ba HHIIOOTIApHM Oapmo ASTUII MMKOHMHM OepMokna. IllyHpail skaH
yIIapHU aCPUMU3 MaTePUAITH IeCaK STHTITUIIIMaiMu3.

bemon 0e6 6oznosuu moodanap, cye, mauoa 6a UUPUK MYAOUPYBUULAPHUHE
MAvIAyM NPONOPYUOHATL MUKOOPAAPOA OJUHSAH KOPUUMAHU AXWUIAO apanaumupuud,
3uunQUMUpUWL 84 KOMUWU HAMUNCACUOA OJUHESAH CYHBbULL mowl Mamepuanuea
atimunaou. !

by umepaouenmnap apanawmupuncanuoa ynap niacmuKk mMacca Xocunl Kuauo,

3apyp KOIUNIAP2a HCOUNaHaou 6a Komub kammux xonamea ymaou. Kopuwmaoazu cys
8a yeMeHm opacuoazu KUMEGUL peakyus 6a Kyiat Xapopam mavCupuod HAmudicacuoa
Hucoamawn cekurn Komaou. Komuw oaspumu yuma anoxuda ¢hazanapea asxcpamuid
MYMKUH.

HHacmnabrku 0eb beneunanean oupunyu o6ockuy myeawu yuyH 30 munymoarn 60
MUHYmeaya axkm manad smaou.

! Neville. Adam M. Concrete technology / A.M. Neville. J.J. Brook*. 2nd ed. p. cm. Second edition 2010.
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by ¢aza saxmuoa, 6emon xopuwmacunune naacmuriueu xamauaou. Cyneu
myeaut 0eb amanysuu UKKUHYU OOCKUY apaiaumupuis onepayusicudan Keuun 5 oan 6
coameaya 0agomM IMUniu MyMKUH.

by oasp oasomuoa 6emomn w3acunune kammuxiueu HUCOAMAaH IOMULOK 0Y1aou.

Yyunuu 6ockuu mycmaxxkanuknuume opmumiuoarn mawikui monaou. by swcapaén
oacmaabku 6ockuuoa mes pyiu bepaou. bemon xopuneanuoaum Keuun maxmuHan Oup
otieaua 0aép MoOAUHUOA V3UHUHS NOMEHYUAN MYCMAXKAMIUSU 64 KAMMUKIUSUHUHS
acocuii Kucmuea 3putiaoul.

bemon kopuwmacuoa ¢oiidananunaduear KomnonewmiapHuHe cugamu 8a
MUKOopuea Kypa 06emown Xxoccaniapu KeHe Kylamoa y3eapmupuiuui MymxkuH. Bemon
CUKUTUW2A emapiu 0apaxcaoa MyCmaxkamaukka 32a Oyiumuea Kapamai 4y3uiuued,
seunuwiea, bypanuwea Oynean Mycmaxkamiueu nacm.

llynoau Kunub, wKopuoa Keimupuiean Xxoiamuapoa o000uti 06emoHOaH
Qovoananuw  ueeapananaou. Illynea kapamau  ymmmau — 6emonoan 000Ul
KOHCMPYKYUSIAPHU — OAnKanap, naumanap, masaud 080piapu 6a 6owx. mauépiauioa
Qotdanranuneanuda  yiapuuHme — YUY3UIUWL  30HANApUeA  NYIAm - apmMamypanap
arcotinaumupunud Kettun Oemowunanuwu mymxux. Ilynam apmamypa O0eb6 amanysuu
NYNAM CMEPHCEHNAP YY3y8ulU 3YPUKUUUAAPHU KAOYI KUIUUL Y4UVH OUOAIAHULAOU.

by yuynoa maiiépnanean 6emon — memupbemon 0eb amanaou.

beron Ba TeMup-0€TOH TAapUXHU

Kozedh Moune

Y 1867 iina 16 uroana y3HHHHT
KyJYaTHPHJITaH TYBAKJIAp YIVH NATeHTHHH
oaraH. ¥3 Ta:Kpu6a CHHOBIAPHHH TaBOM
STAHPHO TeMHP OHIaH KyJaliTHPHITaH
HeMeHT.IH KyBYp.J1ap Ba bacceiiniap (1868
ii.), yii1apHHHT dacaaaapu YIyH TeMHp-
meMeHT.IH maHesL1ap (1869 ii.), Temup-
nmeMeHTIaH Kynpuraap (1873 ii.) Ba
Temup-0eTon 6ankamap (1878 ii.)
HXTHPOJAPH Y9YH HaTeHT.JIap 0JIraH.

http://1000projects.ru/page.php?see=kogda-poyavilsa-beton
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3000 B .G 500 BC- 476 A
Exyptians used mud mired Applisn Way, Roman
with et 1 bind bricks. They haths, the Colossenn and 1586 1589
used gypsum and lme mortars in the Pentheon used Pozzalsna cement Flist rotary Jiln wes inwoduced Fimt concrete reinforced
Aadmal fat, milk and blood were used as in England , which allowed for hiidge was built
continnous production of cement.

CONCRETE
HISTORICAIL Aohn Smeaton vsed hydraulic

lime © rebuild Eddysone
TIMELINE Lighthouse in Cormwall, England Fitst concrete street in the
1184 was placed in Bellefont ine

Ohin by George Bartholomew

‘Joseph Aspdin of England y

inverted pordand cement by burming ] ¥ - Tt major conerete dams,
_gound chalk with finely divided clay ™ the Hoover Dam and Grand
ina lime kiln unil carbon dioxide is

= ddvenoff. The product was Ten ground. Cooley Dam, were bult

3000 B.C.- i I‘."‘ ﬁj

PRESENT =

1867
Joseph Monier of Frence 1902
minforced flower pots with wire
stength 0ok place in Germany ushering in theidea of iron. 1 Fimt concrete dome sport
‘pinforcing bars ! atme ture constructed at the

The fitst s¥sematc ©a
of tensile and compressive
Talleat reinforced building

{ 946 1t) constructed in
Chicage, IL

University of Illinois, Assembly Hall

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

1.2. beroniap kjaaccupuKaAnUsiCH

I'OCT 25192 o6yitmua xypunuiiaa doiganaHuiaaurad OeToHIap KyWujaru
acocHil Kypcatkuuiapu OVitnua cuHguapra axxpaTuiaau:
- acocuil (horganaHuIl coxacura Kypa;
KOppO3us TypJIapura YujaMiiurura Kypa;
TYJIUPYBUWIIAPUHUHT TypuUra Kypa;
- CTpyKTypacura Kypa;
- KOTHMUI IIapOWUTHra Kypa;
- MyCTaxKaMJIUTHUTa Kypa;
- MYCTaxKaMJINTWHU OPTHUIIMN TE€3JIUTUTa Kypa;
- ypTraua 3udjurura Kypa;
- COBYK TabCHpPHUpHTa YMAAMIIAIIATA KYpa;
- CYB YTKa3MacJuIrura Kypa;
EAUPUIMILNTA KYpa.

bemonnap knaccugpuxkayusacu

Knaccudukammst
berton Typu Tabpucdu
oenrucu M prd
Acocwuit buHO Ba MHIIIOATIAPHUHT MEXaHUK XOCCATapU
. KoHncTpykunon oy oy
dhoinananu Oyiinua Tanabnap Kyiwiaaurad 6eToHap.

11


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

beron Ba TeMup-0€TOH TEXHOJIOTHUsIIApU

coxacura Kypa

Maxcyc

buHO Ba MHIIOATIAPHUHT MEXaHUK XOCCATAPU
Oyiinua Kyiuaaauran tajadiapaad TamKapu

¢GbyHKIMOHAT Tanabnap (MCCUKIIUK U30JISALUSACH,
HUCCUKJIMK TabCUPHUTA YMIAMIIUINK, KHMEBUMA

YU IaMJIHIIAK, KOPPO3Us TAbCUPHUTA
YUJAMITHIIAK, ICKOPATUBIIMK, paaualusiaH
XUMOSTOBYH, 3YPUKYBUYaH, THAPOTEXHUK Ba
OoIIK.) KyHuIaauran OeToHmap.

Koppo3sus
mypnapuea
yyoamaueuea Kypa

Kopposus xaBdu 6yimaran xoumapaa
doitmananmnaguran 6eronnap (XO);

KapOonaru3anus Tabcupua KOppo3us ro3ara
KEJIMIIIKH MyMKUH OYJIra napoutiapaa
doitnananmiaauran 6erornap (XC);

Xnopuanap TabCUpUIa KOPPO3us r03ara KelIuiu
MYMKHH OYyJIraH mapouTiapia
doitmananmiamuran 6erornap (XD Ba XS);

KeTMa—KeT My3J'IaH_I Ba Spull TabCUPHUOA
KOpPPO3HUsl 103ara KeJIUId MyMKHUH OYJran
mapouiapaa GoigaraHuIaguran OeToHIap
(XF);

A

Kumésnii koppo3ust ro3ara KenTupaural
mapouTaa Gpoigananunaaurad 6eronnap (XA).

3ud TYIaupruyiaap
acocuja

3WY TOF KUHCJIApU EKH 31U NIIAKJIAp aCOCHIaru
OeToHnap

VYTa 3ud Tynauprudiap

Pyna Tapku6mnu TOF )KUHCIIApH, Y SH

Tynaupruu typura KUPUHIUCH, METAJJT KUITUFHU Ba OOIIIK.
Kypa acocuaa
acocuaaru OeToHap.
Fosak Tynmaupruunap TaOuuit Ba cyHbUil ceproBaK THUIAUPrUYIap
acocuaa acocuaaru OeToHap
TynauprudyHuHT WNupuk nonanu Wupuk tynauprudinu OeToHIap
WHPHUKITUTH . . .
Gyiinua Maiina 3appanu Maiina Tynaupruy acocuaru 6eTonnaap
emenTtnap, mry )kxymiiaiad NOpTIAHALEMEHT
KJIMHKEPH Ba TypJId MUHEPAJI KyIIUMYanap
acocuza (MOPTAaHIIEMEHT, IIUIAKIIA
€MEHTIIH, LI MOPTJIAHALIEMEHT, CYJIb(aT TabCUPUTa YU IAMIH
bornoBuncuHUHT 1 1Y P A > CyIbd P A ’

TypHura kKypa

KymMmitaJlaH KOMIIO3UIIMOH
6OFJ'IOB‘-II/IJ'Iap acocuaa

OK Ba panmm nementiaap, BHB, Ba 6omik.),
THATYIPOKJIN €KY TUITYTIPOKIIU KIMHKEP
TapKuOIU (TWATYIPOKIIH, 3YpUKYBUaH,
KUpHILIMaiuran Ba OOIIK.) acocuaru
OeToHmap.
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ABTOKJIaB1a KOTAAUraH OXaKiau OOFJIOBYM Ba
KPEeMHE3EMTapKHOIU KyIIuMUaiap acoCHIaru
OeTonap.

Oxakiu OoFIoBUMIIAD
acocuja

[Inak-umkopiau OOFIOBUMIIAP, OXAK EKH IIEMEHT,

naxnu GoFjoBuYmMIap | ..
¢Kku runc OmaH GaosIamTHPUITaH IUTAKIap

acocuja N
€KH KyJu1ap acocuiaru 6eTonmiap.
['mncnu GornoBumIap Kypunuii runcu, aHruiput, TUIc-1eMeHT-
acocuja IyLI0JaH OOFJIOBYM acoCHaru OeToHmap.

AHOpraHuk Ba OpraHuK OOFJIOBYMIIAD
Maxcyc 6ornoBumnap | (OITUHIYTYPTIH, TouMep, hocdar, marueszuain,

acocuja CYIOK IIUIIAIN OOFJIOBYMIIAP) aCOCHIATU
OeToHmap.

CUKWIHIIIATY MYCTAXKAMJIMIH Oyiinya I[eMeHTJIap Kyiujard Kiacciaapra
oymunamm: 22,5; 32,5; 42,5; 52,5. 2

Korui BakT 0yiin4a nueMeHTIap Kyiuaaruiaapra 0y imHaau:

* CeKuH KOTYBYHM — KOTHUIIl BAKTUHUHT OOIUIAHUIIH 2 COATIaH OPTHK;

* Hopmast KOTyBUM - KOTHIII BAKTUHUHT OOonUIaHUIIM 45 MUHYT/IaH TO 2 coaTraua;

* Te3 KOTYBUM - KOTHUIII BAKTUHUHT OONUTAHUIIN 45 MUHYTIAaH KUCKA.

beron  kopummacuHM ~ JKOWjam  Ba  3uwiaml  Oyiimya:_ mmOOanaHraH,
BUOpalMsIIaHTaH, TPECcCiIaHraH, BUOpOIITAMIUIAHTaH, BUOPOIpPOKATIaHTaH, OOCUM
Ouian BUOPOIPOKATIAHTaH (Kyunm BUOpOIpOKAT), HEHTpHU(yTrasaHraH,
TOpPKpETJaHTaH, BaKyyMJIaHTaH, BUOpodaoialITupuiirad Ba Ooukaiap.

BeTOHHMHI KOTHII BaKTHAAa MCCMK-HAM MILIOBM OepwiuIlIM Ba TYTHO
TypWwIMIIMra Kypa: HopMan, Oyrmanrad, 100°C xapoparma cyBma WCUTHUITAH,
ANEKTpOdHEpTHsl €pAaamMuaa, MOW OuilaH WMCUTHIITAH, aBTOKJIAB €KW OyFJIaHTaH,
KOMOUWHAIMsAJIAHTaH, MaXCyC UIILJIOB OepuiraH Ba Oomkaiap.

Tamkn MYXUTHHHI arpeccuB KHMEBHMH TabCHPHUTra Maxcyc yciay0d Ouiian
AHUKJIAHAAUTAH KApPIIMJIMK KYypcaTuil Jgapaxacu Oyiiuua: cynbdaT Tabcupura
YUIaMIIH, JCHTU3 CYBUTa YUAaMIIA, KHCIIOTa TAbCUPUTA YHAAMIIH Ba OOIITKaap.

Oxopu xapopar Ba 0J10B TABCHPHUIa YMAAMJIMJINIU OYVidn4a (MCCUKJIUKKA
ynaaMJIM 0eTOHJIAp):

a) 1770°C naH 10KOpH YMIaMJId 0JI0BOAPIONT;
0) 1580° nan 1770°C raya osoBOapOIIL;
B) 1580°C rava omoBb6apo1I.

1.3.beToH Taiiépaam y4yH MaTepuasiap.

Llement

2 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005-page
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VMyMKypuJIMII Ba MaxcyCc Makcamiapaa (oiananunanurad OeTOHIAp y4yH
IIEMEHT TaHJIAIIHM JKaBa/uIapa KeJATHPWITaH MabIyMOTJapra TasHraH XoJiia amalra
OILIMPHII 3apyp’

KoHnctpykuusnan dhoiigananuii mapouTura Kypa HeMeHT TaHJIalll

Noe  JllemenT Foucrpykumagan qoiiaaiaduin mapoiTH
o B0 B Cwnkfariap MEEIO7H =
= Giiinua arpecc HT S o= .
HYEKEH KHCMHIA ; L}HI“_mLﬁ;:j:l e = L:_ =1 E §
= = 2| =2 =
= =0 ol B EBaq =
= e = = = =l 2 ¥ EHE E
= = = |zfgZ|lsEsZ2=:2235|25 =%
| = < |[zEZE|E28EE/ 222|523 %=
K o = R = =3 5 =2 = &= =] =4 2|l= 2 =
= = c |FEe=Eg|=E & “g|T¢ ==
- = =2 - EESS
1 [TLL P P P H H A pij
2 [TLL .EI,S.,E[EHI P P P H H H i |
3 Joorong’ P P i i i} H Jai
. ET]_I,I o o P H H H H
5 BLIITILT P P J o | J H H
& |cornn” i i | i | P P P H
7 |ccwinmn” i i i P il H H
& oo H | H P H H P
0 HLL” pl P P P J P H

Haox: T- FENCT MOFFR: 2 - NONCT 22226 -3 - TV 20-26-0 3-90 &vwiuasa.
P - mraecus smueradu - mexnwe-wimucodill goocrarsanda pioceam arnesad; B -
S TR LTI T

3 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005
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beToHHUHT KiIaccH Oyiinya HeMeHT MAPKACUHU TaHJIAIl

Hewe o CHERITHILIATH MyCTaxKasInk 0¥inya GETOHHHHD KIaccH

EMEHT MapRach BI1D B2 B30 B35 B40 B0

TapcHa STHIAMMIAH M 300 M0N0 M40 MADD M0 MG
= R _ _ M S50, B SO0,

Pyxcar DepHILIHraH M300 M400 MO0 MB00 MS50 M550

beTOHHMHT KOTHIII IIAPpOUTH 6yﬁl/l‘la HEMEHT MapKaCHHU TaHJIall

|l - saasan OYHHYA LEMEHT TYPH
FOTHIL I1apouTH (raprud pakamu)

123456789
My raann sa MYTAIHIATA HKHH pIPI AP PIALP]P
10°C xapoparjas nacy HJIAIHIP|H|JA|H|H]|P
Meonk-Ham Hiunos Depuiarandia:; HI1AIHIP|PIHIH|H]P
—13 coarraua OVIras pesumia
— 13 coaraan opTHE DVITaH pesnmia PEELPLA AL A

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

TY/ITHPYBYHUIIAP

Tynoupysuunap amamacu unepm 6a Kumésuil ¢paon o6yimacan 6a yemenm OUIAH
enumumu  Hamacacuoa 6Oemon oauwl Y4yH HotuoaranuIaouean MamepuaiiapHuHe
ymymuil  Homuoup. Doudanranunraduean Kynuuiux mynoupysuuiap wagaimou,
yakukmow,, Kym Oyarap madbuuti mamepuainapoup. Cynvuii 6a uuiios obepuieau
MYI0UpysuUIapea uwm napyacu 6a 0OMHA wiiaxkiapu oyauwu mymxut. Ilemsa, Kokc,
€204 Kunueu, Kynuumuiean wiax, KYnUumuilean Cianey, Kynuumuiean 6epMuKyium ed
oowsx. Ilacm 3uunukka 2ea bemounrapuu mauéprauioa oruoaranuiaou.

Knaccuguxkauyusacu

Tynoupeuunap uxku 2ypyxea OVIUHUWU —MYMKUH. (a) tiupux OoHanu
mynoupaudnap ea (6) mavioa mynoupaudiap.

Tyaoupzuunapnunz cugpamu

bemon 6a memupbemorn xoncmpyxyusiapunu mauépaauoa GouoaraHuiaouean
maduul. mynoupeuylIap HOPMAmue XydcoHcamiapHuHe manabnapuea xHcasob oOepuuiu
Kepax.

Tynoupeuunapuune 6avsu 3apyp xoccarapu Kyuuoacunap: (1) mycmaxkamaux (2)

yauamu (3) oonacunune wiakau (4) o3acununew mexcmypacu (35) epaoyuposkacu (6)
ymrasmacaueu (7) mosanueu (8) kumésuu unepmaucu (8) oKopu xapopamoazsu Gusux
6a xumésuil cmaouniueu (10) uccuxnuxoan keneauuw koagduyuenmu, eéa (11) napxu.
Tynoupeuunap xuméeuul umnepm, MYCMAXKam, KAmmuk, YeKIaHeaH 208aKIUKKA 3ed,
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Enuuud Koneaw 2UN-mMynpox, KymMumn, Kymup Koaoukiapucuz oyauwu xepax. bemon
Mycmaxkamaueu, OapKapopaucu nacaumupysiu 8a apmamypaHuHe Kopposuscuea cabad
Oyny8uu opeaHuk €Kku OowKa Kywumdaiapcus Oyauwu Kepak. 3apapau moooanap
MUKOOPUHUHE Ye2apanapu Kyuuoazu xHcaod8anoa KeimupuieaH.

3apapau moodanap MUKOOpUHUHE Yecapaniapu

3apapau moooanap Mauoa Hupux
mynoupauy mynoupauy
OymyH mauoa oymyH mauoan

JIaH2aH aHeau
Kymup ea nuenum .00 2.90 1.00 1.00
Jlou 6ynaxnap 1.00 1.00 1.00 1.00
Maztioa 6ynaxuanap - - 3.00 -
Cnaney 1.50 - - -
Xamma 3apapau moooanap mukoopu, 1.00 2,00 5,00 5.00
% kk

Tynoupeuu maccacuea nucoaman %
Crrooaoan mawkapu**

Bbemonnune mycmaxkamnueu mynoupeuy mycmaxkamaueuea ooznux. I panumiu
Myn0upeuy nemsa €Ky Kyuoupuiean uimynpokiu myaoupeuuiapea HucOamam oxKopu
MYCMAaxKamaux oauus UMKOHUHU Oepaou.

Tynoupysuunap cugamu ooamoa (i) maudarawoazu mycmaxkamiux (ii)
mavoananuw éxu (iii) mavcup Kammanukiapu kabu ubopanap ounan o6ereulaHaou.

Hupux mynoupeuunune ynuamudan yHuHe uwiaui Xapakmepuaza Kapao
gotioananunaou. Hupux mynoupeuy emapnu oapasicada maioa 631ub 6ymyH XajicmHu
mynoupa onuwu Kepax. Mupux mynoupeuy y4 xun wiakioa, AvHu OYMAnox, HOAHUK
waxnoa éa Kuppaau oyauwu mymxun. LLlynune yuyn 2a0up-6youp 1o3aniu myaoupeuioam
Qotioananub matiépranean OemoH CULIUK 344U  MYAOUpeU4oan  @GouoaraHud
matuéparanean bemonea HUCOAMan MycmaxKam Oyiaou.

Tynoupeuunap mosza 6a 2unmynpox, yaume 6a OOWKALIAPOAH XOaU OYIuUU Kepax.
Tunmynpox 6a Oowka énuwiysuan KOnIaMaiap anoxuoa 3appanap 6d yemeHm
opacuoazu aoee3usea EMoH mavCup dMaou.

Onmuney2ypm 6a éumail Koiean KymMup 6a OOWKANIAp KUMEBUL MAbCUP HAMUNCACUOA
Wy MYMKUH — 8a  apmamypaea mavcup smaou. Tynoupeuunap yemenm
MampuyacuHuHe UCCUKIUKOAH KeHeauuw Kodpouyuenmuea aKur kodpouyuenmea sea
OyIUUIapU Kepax.

Xynoca xunub aiimeanoa myaoupeuuiap uHepm MuHepal Moo0aoaH MAauiKuil moneau
oyaub, yiap mosa, UWKANAHUWEA KAPUWIUIUSU FOKOPU, Eénuuub Koaean Xap Xul
KVWUMYANAPOaH XOIU, 3U4, emapiu o0apaj;caoa Mycmaxkam oyaub, yemenm
MYCMaxKamaueuoar myna pouodaiana oaum UMKOHUHYU Oepuiiu Kepax.
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TYnaupyBUYMHUHT SHT UMPUK YITYaMU

Koncrpysunsuap THaauprauHHHr Maiiaa —HPHEIHTHEH

OenriIoBaIH LA TIIap

Beprukan - APMATYPA CTEPMEHIIEPH OPACcHIAIH 3HI KHUHK
opanHEHuar U735 naamm;
- KOHCTPYELHA 3HI KHUHE ¥iadamaaadr 0,33
KHCMUAra Tedr, dexud 150 mMunan k0 amac.
lNopuzoaTan - KOHCTPYELHA KANHHIHHHEHD (1,5 KHoMHra

Terr, neEnH 150 mymaan ko asac
40 nara

ﬁj.?J:l B A3P0POM -

KOTLIaMAIapH

Nupuk TYIIUpyBUMHUHT MyCTaXKaMJIUK OYirya SHT MmacT MapKacu

Tor wuncnapn DETOH Khaccy
BI25| B15 | B20 | B25 | B30 | B35 | B40 | B45
Orond vukgan | 200 | 800 [ 500 | 800 [ 500 | 1000 | 1000 | 1200
Meramopd 600 600 600 60 00 | 1000 | 1000 | 1200
HUykunau 300 300 400 60 00 | 1000 | 1000 | 1200
:;;t:f;:i:m npl6 | Apte | apie | jip12 | Jp12 | Jips | Jps | Jps

WNupuk TYNIUpyBUMHUHT TaBCHsI STUIIAUTAaH TOHAJAOPIUK TapKUOU

-]?Inpm-: TVILIHPYBUHHHHT Fiupm-: TVAAHpYBYUMAArH (Ppakiusaiap MUKIopH, %
IHE AHPHE VIUaMH, 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 Tyaaupruv

Kypuwmm wnutapu yuyH doipananunaguran Maiina tynauprud — kym, ['OCT
10268, 8736 Tanabmapura »aBoO OepuIlIH Kepax.

beToH KOpUIIIMaCHHUHT TEXHOJIOTHUK Ba OCTOHHUHT KYPHJIHII-TEXHUK XOCCalapura
KYMHUHT TPaHYJIOMETPUK TapKuOW (MUPHUKIMK MOJYJW), YAaHTCUMOH Ba THJITYIPOK
3appaJapMHUHT MUKIOPY Ba CyB TaJla04YaHIIuIy SHI KaTTa TabCup Kypcaraau. *

Nupumnk Moxymu 1,5—2 6ynran Kymmap LeMeHT capduHu 5%raua, HHpHKINK
Moaymu 1,5 nan mact Oynaranaa 12%raua ommpanu. Kym TapkuOujgaru 4aHrCUMOH Ba
TWITYNPOK 3appaiapu Muxkaopu 3 %man kyn Oyica niemeHnt capbu 5% Ba yHAAH Ky
OIIIMIIIA MYMKHUH.

4 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005
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Kymummmuanap
beroH  KOpUIIMAacMHMHI  TEXHOJOTMK Ba  OETOHHUHI  KypWJIMILI-TEXHUK

XOCCAJIapUHM SXIIWIAIl Makcaauaa KuMmEBuM kymumuanapaad dovnananum ['OCT
7473 Tanabnapura MyBO(UK aMalira OIMPUIIaJIH.

TaBcus 3TUNaAUraH Kymmumyanap

FOCT 24211 6¥iin4a

o ) Hamyna Muknopn® DolaanaHHIIAre camMapa
KV IIHMYATAPHHHET CHHH
CyvnepniactHfuEaTopiap I T L 04— 0.8 |beToH KOPHIIMACHHHHT CYB
CMd TanatyaHIHrHEA 20% a0 OpTHE
KAMAHTHPAIH
[TnAacTHENHEHH KYy4IH JICTM-2, 0,15—0.3 |beToH KOPHIIMACHHHHT CYB
OLIHpYRUIAp JITM, MTC-1 TanatanIHrHEe 20%raqa
KAMAHTHPAIH
[InacTHENHEHH ¥prada JICT, (0,1—0.2 |beToH KOPHIIMACHHHHT CYE
OIIHpYBHIAp YTIE, TanatyannHrHed 1 0% raga
Nk KAMAHTHPAIH
[InacTHKNHEHH KaM wenok, Huk, | 0,05—0,1 |beToH KOpHIIMACHHHHT CYB

CILHPYBUIIAp IECE-10, TANAOYAHNHTHHEE 5% raua
[ECH-11 KaMaiiTHpanm, 3—35% xapo wanb
KHJIHIITHH TABMHHAIIH, CoBYEKA
qigaMIHnHEHE 30- 100 naknra
OLIHpaIH
Koppoana uuruduropnaps | HH, TEH, TenmupGeTonna ri apMaTypaHaHI
BXH, BXEK KOPPOIHACHHH OITHHH OA0H

Haox. ® % yenenm maccacuaa wuciaman £ypve sodda sucoiuda,

1.4. IllopTiianaueMeHT Ba YJIAPHUHI TypJIapH.

[TopTnananeMeHT - MNOPTJIAHALEMEHT KIWHKepHu, rurnc Tom (5%ravya) Ba

KYITUMYaIapHd MaluH KWINO TyWHUO OJIMHATUTAH TUIPABIUK OOFIOBUMIUD.

KyiIMHKepHUHT MUHEPAJIOTHK TAPKUOU

3Ca0-Si0; -yu kanpuuiinu cumkat -CsS-anut 45-60%
2Ca0-S10; -ukku kanpuan cuiukar-C,S-06emut 15-30%
3Ca0-A1,03 -yu kanbiuiisia amoMuHaT-C3A - 5-15%
4Ca0-A1,05:-Pe; O3 -1¥pT Kanpumiiiim amomodepput — 19-20%

[lementna 6ornaamaran CaO muknopu 0,5% nan 6ornmanmarad MgO muknopu 5%

JlaH OIIMACIIUTH KEPAK, aKC XOJAa XaXMH Y3rapuIlid HOTEKUC Oyaam.
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KiauHkepaapHUHT KiIaccuPUKANUACH

Knunkep TaxMuauii MUKI0p, %
CsS C,S C5A C4AY
Anvtimn 60 kynu 15 kamuna - -
Omtan
Hopman (anut 60...37,5 15...37.,5 - -
MUKJIOPHUTa Kypa)
bemutau 37,5 37,5 kynu
KaM#a ouman
AJITOMUHATIN - - 15 xynu 10 xamuga
Oouman
Hopwman - - 15...7 10...18
(asrroMUHATIIH
MUKJIOpHUTa KYpa)
LemuTan - - 7 xamuia 18 xynu
OuiaH

T'OCT 30515 Lemenmnap. Ymymuil mexHuk wapmjap Oyiuuua uyemeHmaap

Kyltuoazu cungaapza oyaunaou:
1. doiigaanuIIKra Kypa:

*  YMYMKypHIUII y9yH,

*  Maxcyc.
2. KIMHKepUHUHT Typura Kypa ueMeHTJjap:

* MOPTJIAHIIEMEHT KIMHKEPU aCOCHUIA;

*  TUATYOPOKJIH (FOKOPU THATYNPOKJIN ) KIMHKEP aCOCU/Ia;
cynbdoamtomMuHar (-heppuT) KIMHKEPHU acocua

MuHepan KYIIMMYAHUHT TYPH Ba MUK/JIOPHU Xap OUP KOHKPeET eMeHT

Typura Kapa6 yerapaaanaau ('OCT 31108-2003 )

I'OCT 30515-97 Ba I'OCT 31108-2003 O¥yiinuya améBuil TapkuOUra Typiu
KYIIUMYajlap Ba MHUHEpaJ KymuMuaigap OuigaH xapakTepiaHaad. MwuHepain
KYIUUMYaHUHT Typd Ba MHUKIOpPU Xap OHUp KOHKpPET LEMEHT Typura Kapad

yerapaaaHaau.
. [HEM I —mopTnaHlieMeHT;
. IEM II — MuHepai KylmuMJaiy MOPTIaHALIEMEHT;
. Lem I — nurakiy nopTiIaHALEMEHT;

. HEM IV — nyuuonas nopTiIaHAUEMEHT;
. I[IEM V — KOMIIO3UIIMOH [IEMEHT.
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LemeHTHUHT awéemit Tapkubu, macca Byiinua, %
UemeHr Acocuit KoMnoHeHTNaP
i HOMWHUWHF IpaHynanaHraH Tnnem éxm Eppamun
LiemeHT Homm n paHy, Yy
2uc?aua CFTRAHALEMENT pomHa éxmn 3TD | Myuyonan yauaH kyWgupuiran | Mukpokpemnesgm | 0? akrow | KOMNOHeHTAIP
BenruaaHALK KAWHKepU wnam ryn p——
Kn. L. n. 3. r MK n
MoprnanauemeHt LIEM 1 95-100 - - - - - - 0-5
MuHepa n LIEM II/A-LLI 30-94 6-20 - - - - - 0-5
Tywnmuanu**
wnaknu LIEM I1/B-LLI €5-79 21-35 - - - - - 0-5
nopTAaHALEeMeHT
nyuuonan LEEM II/A-T 80-34 - 6-20 - - - - 0-5
YHYEYAH Kyn LEEM I1/A-3 80-34 - - 6-20 - - - 0-5
|
FAMEHNN EKM
KylgupuaraH LEEM II/A-T 80-34 - - - 6-20 - - 0-5
enaHeuaM
MuKpokpeHesémau | LEM IIfA-MK 90-54 - - - - e-10 - 0-5
o? aKTownn LEEM II/A-K 80-94 - - - - - 6-20 0-5
Komnozuuon*** | LEM II/A-K 80-34 6-20 0-5
L.
[ iy Liem NI/A 35-64 - - - - - - 0-5
NOPTAAHRLEMEHT
v :ﬁ:::f:', LEEM IV/A 65-79 2135 - 0-5
K
I oo™ | ugm v/ 2073 1130 1130 . . - 05

*KaTTanuk LeMeHTHUHT acocHii Ba pAamMuM KOMMOHEHTASPHWHT, runcaaH Taw?apu 100% peb ?abyn 2uanHrann.

*% LEM 1 TypAari LeMeHTAapHHHT HOMAZPUAS (KOMNSZULMOH LIEMEHTAAH Taw? apu) «MuHepan ?Ywmumuanap unaH» geraH cf2HUHr acocnid
HKOMMOHEHTAAPHUHT — MUHEPan ? yWWMMYanap HOMMW Kypcatnnagm.

2% Munepan ? Yluumyanap Typa apMHH YMYMASLUT UPMAYEW —3COCHIA KOMMOHEHTNAP LEMEHT HOMWAA KYPCATMAMILM KepaK

IemMeHTra KyKyH Kylmum4aJjap

* MaiiuH KyKyHJIH KyIIuMYajdapHd O€TOH XOCCAJlapuHU SIXIIWIAII, IIEMEHTHH
WKTHCOJ] KUJTUII YIyH O€TOH KOpryHUa €K KOpHUIIIMa Talépiant BaKTH1a KYITUIa/Iu.

* llemeHnTnun

e Ilynuonan

* Homunan unept

beron wmycraxkam OVnumura kapamail, MypT Oynraniauru ca6abiv, YHUHT
STWIMIIIATA Ba YY3WIUIIAArM MYCTaXKaMJIUTH CUKWJIUIIAArM MYyCTaXKaMJIMTUHUHT
VHaan Oupunu Tamkwia 3Taau. LIyHWHT ydyH yHUHT Oy KYpCaTKMUMHM SIXIITUJIAII
MaKcaauaa yHH IyJaT apMaTypa OMiaH Ky4JIaHTHPUIAIu.’

OnauupaH 3YpUKTUPUITaH TEMHUPOETOHJAH IOKOPH MYyCTaxKamJIMKKa 3Ta Ba
MyCTaxKaMJIUTH OIIMPUIITAaH apMaTypajaH camapaiu Qoiinananu0d, KOHCTPYKIIUS
AJIEMEHTJAPUHUHT KECUMHAA Jap3jiap XOCWI OYyJuilra KapIIWIMTUHU —OIIUPHIIL,
Jap3iapHy OeNTHIIaHTaH Yerapajia OUYMJINIIINHA TaAbMUHIIAII, FOKJIAHUITHUHT KYTT MapTa
TabCUP JTUIIUTA NYy4Op OYIaauraH KOHCTPYKIUSIJIAPHUHT OWKPIUTUHU OIIMPUIN Ba
nedopMalMsICUHN KaMaUTHPUIL, KOHCTPYKIIMS MAaCCACHMHH KaMaWTHUPHUII Ba IOKOpPHU
Mapkara 3ra 6eToHaH (oigananui sBa3ura GoiiraaaHuIaIu.

MurMa TemMup-6€TOH MaxCyloTIapd Ba KOHCTPYKIMSUIAPH —KIACCH(MUKALMS
acocwa KyWuaard ajomatriiapu OeiruiaHTaH: OETOH KYPUHUIIHM, YHUHT 3UYJIUTH,
apMaTypaaliHi KYPUHUIIN, HYKU TY3WINIIN Ba KYJUTAHUIIAIIH.

beton Typu Ba kyutaHunaaurad 6oraoBUMIap OYiida Maxcynotiaap gapKiaHaIu:
LIEMEHTIU OETOHJap-OFUp Ba OJJIMM 3WY TYIAUMPYBUWIAp acocuia, aloXuaa OFUp

3 Neville. Adam M. Concrete technology / A.M. Neville. J.J. Brook*. 2nd ed. p. cm. Second edition 2010.
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OeToHNap Ba FOBaK TYJIAUPYBUMIM €Hrui1 O€TOHJAp, FOBAK OETOHJAp Ba Maxcyc
OeToHNap — MCCHMK Ba KUMEBHUM TabcHpra 4YuiamMiM, MaH3apaiu. Maxcyrnoria
Ky UTAaHWIaMrad OETOHNIAp 3UWINTH OYyiinda yTa orup Geronmap s3uunurd 2500 xr/m?
IaH I0KopH, oFup Oetonnap suuauru 1800-2500 kr/m°, enrun 6etonmnap suwmru 500-
1800 kr/m® Ba yrta enmrmn Oerommap suuwmmrd 500 kxr/mM3 nmaH kaM  (MCCHKIIMK
YyTKazMauran) Oymaau.

Apmatypanam  Typura Kapa®  TemMup-0eToH  MaxcyjloTiapu  OJJIMHJaH
3VPUKTUPUIITaH Ba OJINI apMaTypJiaHraH Typura OYInHau.

Maxcynot Oup Typaaru OeToHIaH Tal€piaHraHia TYy3WIHMIIWTa Kypa SIXJIUT Ba
WYM KOBAaK;, OMp KaTJIaMJId, MKKH KaTJIaMJId, KYT KaTjJaMJjId, Xap XWi OCTOH TypuIaH
Ta€pnaHraH €KW TypJM MaTrepuaulapHu KyJUlall, MacallaH MCCHUK YTKa3MaWJWraH
Oymumu MyMmkuH. bup Typaaru Temup-0eToH MaxcynoTiapu Oup OupuaH YadoBIapu
OwiaH, MacanaH JieBop 0JIOKH, Oypyak OJIOKH, Jiepa3a OCTH OJOKM Ba Oolikaiap OuiaH
dapknanagu. bup Typ ¥iadoBmarm maxcysioTiap Mapkaiapra HucOaTaH OYJIWHUIIU
MYMKUH.

Mapxkanapra OyiuIm acocuaa Typiad apMmaTypajail, MOHTaX TEHIUKIAPUHUHT
MaBXKYJIUTH, €K KYHIUPUIAIUTaH JIeTaJUIAPUHUHT TYPJIMIUTH YbTHOOpTa OJTMHAIIH.

MurMa TeMup-GeTOH MaxCy/IOTIapHHU KYJUIaHUIIMTa Kypa: yil-Koil Ba Kamoar
OuHONapy, caHoaT OWHOJIApW, KHIUIOK XYXKAJIUK, TPAHCIOPT, THAPOTEXHUKA
MHIIOOTIapU KypUJIUIIM Ba YMyMHH (oigalaHUIIIary MaxcyaoTaap OYIuIy MyMKHUH.
Maxcynotiap MakCcUMall —Japaxkaraya 3aBojja TaWépiaHraH OYJIMIIM  Kepak.
Kucmmapnan ubopaT Ba KOMIUIEKC MAaxCyJIOTJIap HMCTEbMOJIYMIa TYraTWITaH, KOuJa
Oyiinuya OuTKa3uiraH, WWAFWITaH XoJjaTAa, KyliMM4a Ba KailiTa WILUIOB Tanad
KWJIMauurad, Oe3aaMaiIural XoJaT/aa eTKa3uiIaau.

Hazopar caBosiapu:

. beTroH mapkacura Kypa IEMEHT MapKacu Ba TypH.

. Kym Ba #tiupuk tynaupruanuar poHagopiuk Tapkuou ['OCT rtamaGmapura moc
KenumuHu. KyMHUHT Malga-WHpUKIUTUHU Ba CYB TajlaOuYaHIUTHHH. ﬁHpHK
TYJIIUPTUYHUHT KOHCTPYKIIMSI KECUM F03acu OYHNYa MOC KEJIMIIIHU.

IlemeHT-CyB HUCOATHUHH.

4. CyB-11eMEHT HUCOATHHH.

N —

e

DoiaJaAHWITAH aa0duéTiap:

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

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

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

4. The Science and Engineering of Materials, Sixth Edition. Authors Donald R.
Askeland, Pradeep P. Fulay, Wendelin J. Wright. 2011.
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5. AxpamoB X.A., HyputaunoB X.H. beron Ba Ttemup-Oeton Oyromiapu wuiiad

yukapuin TexHojoruscu. Japciuk (AxpamoB X.A., Hyputmuno X.H., Tomikenr,
TAKMH, 2010 #ium 592 Ger.

2-maB3y: beToH KopuIIMacH.

Pexa:
2.1. lleMeHT KOTHIIIM KapacHH.
2.2. llemeHT ruApaTausacy Ba IEMEHT XaMUPH XOCCalTapUHU aHUK/IAIIL.
2.3. beTon KopuIIMaTapUHUHT XOCcallapy Ba yJIapHU aHUKJIAI YCYIUIapH.
2.4. betoH xoccanapura TabCUp 3TYBUH OMUILIAP.
2.5. Kypunuiil iHIyCTpHUsICH/Ia SHEPT U TeKAMKOPJIIUK.

Taanu uoopanap: cys-yemenm nucoamu, 2uopamayus, CmpyKkmypa X0Cu
OyIUWIU, YeMeHm XaMupu, X08axkaiap, Kanuuiap X08akaiap, 2eiiu X08axkiap, Komuul

6AKmMuU, xapaxkamJjaHh)ye4aHJIUuK, Kaniiamiarul, DlCOﬁJZClHy(i‘llClHJluK.

2.1. IleMeHT KOTHIIIH KAPAECHH.

Hydration stages

Ihustration of the “hydmis” phases and stnociural devsdopment durimg
mydration of the cement.

CHEMICAL REACTIONS

Extremelly important!!!

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

[lemeHT cyB OWIIaH apanalITUPUITaHUA 103 Oepaurad peakuusiap
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3 hours

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

[leMeHT KOTUIIIKA CTPYKTYpA XOCHII OYTUITUHUHT OOIIAHUIITN

CE 60
Instructor: Paulo Monteira

|Review — Identify the crystal

» P I
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\Water inside the pores

Interlayer 2
Water — >y

Capillary
Water

Comprehensive Strength MPa

14 .I" 1 A
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Water

" T AF

T3 W 180 36l
Age - days

Fig. 1. 4. Development of Strength of Pure Compaunds

Figure 2-9
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Fig. 1.5. Composition of Cement Paste 21 different st2ges of hypdmtion.

Cynsbuii TOm XocuI Oyaum napuia Ga3aaapHUHT Y3TapyIIn’

¢ Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005. p.21
7 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005. p.23
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Table. Z.4. Typical Properties of Conctete and Mortar with Pyrament

Cemeant.
MMaterial Comprassve sfrangth \fFe Hexural Rrengtir AdFS
Hardaned Concrate
4 hours 17 3.45
1 day 34 552
28 days 58 827
Hardaned Morar
Z hours 17 —
3 hours 244 4.1
1 day 41 5.9
T days 58 10.3
[ w
| 1
I
L]
T
4
M
e  Auraratic ; Marddal 5 e Heat of hydration Appanaius.

Pcriar Mixer.

165mm ———=

3mm dia

A

osmmalls N0
3 |-|T \ i + s I
et Splitnot more than 0.5 mm

—— a——r Ciliiss plates
mm =
41

[leMeHT KOTHII KapaéHUHHU YpraHuil yayH acbobmap.®
beToH KopHIIMaIapMHHUHT X0CCAJIAPH.

beToH KOpUIIMAacHHM MKKM TapKUOWMN KUCMIAH TalIKWJ TONraH cucrema naed
Kapaiil MyMKUH. Byiap — G0FJI0BUM XaMHUpH Ba TYJIIUPYBUMIAPIUP. ACOCHM CTPYKTypa
XOCWJI A3TYBUM OYIMO OeTOH TapkuOujgard OOFJIIOBUM XaMHUPHU XHUCOOJaHAIW. YHUHT
TapkuOura 1eMEeHT, CyB, aKCapusT XoJjIap/ia MailaJaHraH MUHepall Kymumyanap €ku
KyJ kupaau. LleMeHT 3appanapu Ba Maija TyMuiaraH KymyMmyaiap yadamiapyd KUYHK
Xamaa KaTta HUCOWM ro3acu OwnaH dapkiaHaguiap, HaTkKajga LHEMEHT XaMmMHupuia
“KaTTUK KUCM — CYIOKJIMK~ XOJaTh fo3ara kenaau. byHpait cucremana ancopOnuoH

8 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005 p.52-54
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Kywiap, MOJIEKYJIAp Ba KalWuIAp ¥3apo TabCHUPJALIYB KyWIMPOK HaMOEH Oynaau Ba
yJIap CUCTEMAHUHI OOFIAaHMII JapakKacuHU Omupann.’

beron kopummacura XycycuATIM OYIraH >KuxaTiapiaH OWpU YHUHT KyJal
TYIIATYBYAHJIMTY, €KW IAKIUIaHYBUAHIIUTH, )KyMJIa/laH, Oepuiirad IIAaKIH| OUp TEeKHUcaa
¢iunub KoIiamu Ba alHM BakTAa OUp TYPJIMITMHHU Ba MOHOJIUTIUTHHM CaKJIAIIAIUD.
Kynait tymanyByannuk O€TOH KOPUIIMACHHUHT IIAKIHUA (KOJMIIHHW) TYIUPUILL
xKapaCHUIa  XapakaTYaHJIUTU(OKYBYAHIIUTH), I[UJIACTUKIUTH, SbHU  EpHIIMAclaH
nehopManysUTAHAIINA OWJIaH aHUKJIaHAIH.

BeTOHHUHT XapaKaTIaHyBYaHIUTH

[ 58

Heargh
O nete

Madium
e o e | Pl

penanally
kbl

o

beton KopumMaciuHu 0COH KOJIHILIAII, KOMIIOHEHTJIAp OpACH ATy MIIKAIAHUIIT
KYYUHU TTAaCAaUTUPHII Ba YHUHT OKYBUAHJIUTH OPTHUIINTA KyHUJaT OMUAIUIAP TAhCUP
ATaIU:

(a) Kopuwmaoaeu cye mukoopu,

(b) Komnonenmnap nucoamu;

(c) Tynoupysuunap ynuamu,

(d) Tynoupyeuunap waxuu,

(e) TynoupysuunapHumre 103acu mexcmypacu,

(f) Tynoupyeuunraprune conumumupma cupm 103acu,

(g) Dotidananunean Kyuum4aiap mypu a MuKoopu

Higghiby
wiorkable
concrata

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

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

26



beron Ba TeMup-0€TOH TEXHOJIOTHUsIIApU

beTroH KOpUIIMACHMHUHT TYpJiM HIAPOUTIAPAA Y3UHH TYTHIIMHU TabpUdIall yuyyH
YHUHT PEOJIOTUK XapaKTepUCTUKaIapuAaH (oianaHaauiap: CypuIulary yerapaBu
3YPUKUII, peJIaKcalys JaBpU Ba KOBYIIKOKIHUK. ByHIail XyCyCHSITIIApHA aHUKJIAI YUyH
BHUCKO3UMETpJIapAaH (oiinananuiaam.

bynnait  taxpubanap acocaH WIMHNH-TaIKUKOT abopaTopusiapaa amaira
omupmwiaad. Wmmad 4Yukapuin [mapouTiapuaa 3ca ojaTAaa OeTOH KOpPUIIMAacHHU
XapaKaTYaHJIMTUHU (OKYBYAHIIMTH) TYpJIM Mociamaiap épaamMuja Ha3opar Kuiaaumap.
By »xwuxo3map Te3 Ba HucOaTaH oAAuil xo0Jyila OETOH KOPHUIIMACHHUHT 3apypHid
XapaKTEPUCTHKATAPUHU OJIMII UMKOHUHH OepaiH.

beToH KOpUIIMAaCHHUHT KONIAITYBYAHIMTHHY YIIdaIl

beronHuHr wunuioB OepyBUaHJIUTH Mypakkad xoccaaup. UIyHMHr ydyH aHUK
Vnounapuu Oakapuin KuhuHaup. Kymmad TagkukoTdyuiaap TOMOHHIAH Oy XOCCaHU
VpraHuiu y4yyH TYpJIH yCyJlap TakJuQ 3TWIraH Ba yjaap Oaxxkapuiuiuud Oyitnmua Oup-
Ooupra yxmamup. Opatna O€TOH KOWIAIIYBUAHJIMIMHM Yiadall y4YyyH KyWuaaru
CUHOBJIAp Oakapuiaau:

. (A) Konyc uykumiu;

. (6) 3nunamyByaHIMK KOd(POUIMESHTHHN aHUKJIAIIT,
. (C) OxyBuannukuau anukJiair; (d) Kemiu cunoBu
. (E) Vee Bee Koncucromerp CHHOBH.

\ At Least
Az 1.6 Thick

L

a /E-.z Thick

I~

1
6 | |
20 Tvin

Al dimensions in Centimeters

St

True Slump Shear Collapse

KoHyC U4yKUIMAKY aHUKJIaIl yCKyHacH'!

! Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005 p.222-234
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Cwinl_&q-" —

liopper

Sarn 0eToH KOPUIIIMACUHUHT HIILIOB OepyBUYaHIATH BaKOJINIITa
KOMITAITYBYAHIIUTUHU aHUKJIANl y49yH unuiabd uumkapuirad. Kypuimanan KypuiHii
MaloHUIa XaM (HoHgaIaHuIIl MyMKHH.

beton KOPpHIIMACHUHUHT OKYBYAHIIMTHHU aHUKJIAII acooou
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Flow Table Test Apparatus

Ymby ac6001aH KOPUIIIMAHUHT KATJIaMJIaHYBYAHIIMTH Ba CYB aXpajud YMKHILIU
Vnuamiga goinananuiaam
CUIKUTHII TabCUpHIa 0ETOH KOPUIIMACUHUHT OKYBYAHJIMTUHU aHUKJIaIl acoo0u

Kelley Ball Penetration
Apparatus

Tafss - B oS ST O T e e

Jlaboparopus CHUHOBJIApHJIa BUOpanus HaTIKacuaa OCTOHHUHT
KOMJTAlTyBYaHIUTUHU aHUKJIAI YUyH MYJDKalaHTaH aco00

beron nnnabd ynkapuin sxapaéHu

Cudarmn  Oeton wnoia®d duKapumiga s>kapaHHMHT xap Oup OocKkuumia
Oa’kapuyaJuraH UIUTApHU CU(ATIN KAJIUIITHU Tajiad dTaIu.

MabnyMkun OwWp XWJI KOMIIOHEHTJapaaH (oigamanraHn xojga Oypmm cudarim
o6eron omum wMymkuH. [llynunar yuyH toxkopu cudartam  OETOH OJMII  YYYH
OakapwiauraH WHOUIApHU KaHda Ba cudaTim OaKapWiWIIKd  JO3UMIIUTHHU
ounummmu3 3apyp. beton nnunad unkapum Kyiujgaru O0CKUWIApHU Y3 UUUTa OJIajIu:
(A) KomnoneHTiapHu yayai;

(0) Apanamrtupui;

(c) Tamumr;

(D) XKotinamr;

(n) 3uunarn

(e) Nmuos Gepum (mapmosnam). 2

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

v

7 days —

Compressive Strength {MPa)
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Time af Mizing — Mirubes

ApaJ'IaIIITI/IpI/IHI BaKTHHHUHI' OeToH MYCTaxXKaMJINT'UIra TabCUPHU

3amoHaBuii OETOH 3aBOATIApU
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betonna kopummacua CyBHUHT TapKAIHIIIH

Sand Particle

Cement grain

Calcium hydroxide

Instructor: Paulo Monteiro Courtesy Prof. K. Scrivener
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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 caBoJiIapm:

1. betoH KOpHUIIMACHHMHI CyB Taja04yaHiurd Oyitmya 1 M3 OeroH ydyH CyB
cappuHu.

2. llement capduHu. AHUKIAHTaH IIEMEHT MHUKIOPUHA MHUHUMANl pyXcar
ATUJIAIUTAHUOWIIAH COJTMIIITHPHIIL.

3. 3uy OeToH KopHIIMAacHHH ojuil y4yH 1 M3 OeroHra marepuamiap cappuHu
xucobani.

4. beroH TapkuOuHM Maccacu Oyitmya HUCOWH Yiuamiap/ia Xucoomar.

DoiaJaHWITAH aa0uéTaap:

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., HyputnunoB X.H. beton Ba Temup-Oeron Oyromiuapu wumiabd
yukapuin TexHojoruscu. Japciuk (AkpamoB X.A., Hyputmuno X.H., TomkeHr,
TAKH, 2010 i 592 Ger.
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3-maB3y: beToHyap Ba KOpMIIMAJIap YYYH KUMEBHI KyIUM4ajap.

Pexa:
3.1.beron Ba TeMHpPOETOH KOHCTPYKIUSUIApHU Tai€pnama (oiinanaHuiaguran
KyIuMJanap KiacCu()uKaIusCcy.
3.2.I'panynoMeTpusiHu ONTUMAaJUIAIITUPUIIIA KYKYH TYIAUPTAYIapIaH
doitnananum.
3.3.Maxcyc wkopu myctaxkaminkka 3ra 6eron (UHPC-100-150 MITa).

Tasinu no6opanap: kuMEBMM KymmMmyanap, KykKyH KyuMuasiap, riactudukaTop,
cynepracTuukaTop, KOMIUIEKC KyIUM4Yalap, KOHYC YYKHUIIM, Yy4YyBYaH Ky,
MUKpPOCHUJIMKA, ToJajap,pubdpa, rpaHyIoMeTpus.

3.1. beroH Ba TeMHMpPOETOH KOHCTPYKIMSAJIAPHH TaépJamaa goiaa-
JAHWIAAUTAH KYIIUMYAJIAP KJIACCUPUKAUACH.

beToH €kn KypwInil KOpHUIIMAaJapUHUHT 3apyp TEXHHUK XOCCAJIAPUHU OJUII YYYH,
IIYHUHTJEK IEMEHTHUM MKTUCOJ KWJIMII Makcaguaa Typiaud KylluMuajiap/aH
dorinananunaau. OgaTaa yaap UKKUA Typra OViaIuHa u:

Kumésuit kpwiumyanap — OCTOH KOpUIIIMAcura >yjia 03 MHUKIOpAa (LIEMEHT
Maccacura HucOata 2% rada) Kymimb O€TOH KOpUIIMacu Ba OETOH XOCCACUHHU 3apyp
HyHanMIaa y3rapTupuil UMKOHUHHU Oepaiu.

Maiiun Kuaud myuuizan KyKyH Kyuwiumuaaap - IEMEHTHU UKTUCOJ KWINII Y4yH
¢olinananub, 3ud Ba MycTaxkaM OETOH OJIMII HMKOHUHU Oepaquiap.

Table S.22. Classification of AdmixturesS. 20

— Accelerating A AL

- al
Juci ol 3 R

leoncrete/moriark

Adr-cniraining

Crnoriar plasticiser}

B

Cramnpprooling {Repellenll
=3 Pet iy redociog
HAudnzixhares [prcssure sesisting} Rerraders

Fumping — Accclerators
- Growiing materials ———— Water rotaimers
— Adkali-sggrepate reducing—ithsurm/Barium salis
- Gramalated inon
= rplastsci - B L .
uperplastscisers
Sodiumn bemzoaie
— < iom i i s Sodrusn
Folyvhalegenated phemnols
— Fumpnicsles ———— [heldres emulsion
Copper compounds
— Mliscellamsouas ST i Tribuatylphassphate {TBP}
— Iribucylphthalatde (TIEP)
 Adumimiam
Gas Farmer - Magnesimm
— Eios
— Fil 1 Froalseel ol tes

Pigments
— Resgins (bonding agentsy — PWiC, PWaA, Acrvlics, SB
Finely divided mincrals Cementitious | Hydrawlic lime
Shap (GOEES)
— Rice= hmsk ash
L Fly ash
— Parzolonic —— Siléoa fiome
— Cabrined clay
Fiatomaceous casth
— TWale
Hydrated lime
Chaarts powder
Ciroumd lrmestome
— Beniomoite

KuMéBuii KyIuMMyYanapHuHr knaccudukanuscu '

— Imert

14 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005
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KuméBuii kymmmuaaapaad ¢oiigananum — Oy OCTOHHUHT  TEXHUK
XoccajapuHu OONIKAPUIIHUHT AHT KyJakl Ba Ooaaui ycyiapaaH Oupu Oynmub, unuiad
YUKAPUII TEXHOJOTUSICMHM XaM OOIIKApuIl WMKOHHMHU Oepaau. ABBan OeTOH
Tai€pramaa Typad KAMEBUM MaxCyloTjapAaH Ba caHOAT YWMKUHIWIApHUIAH
doipananunrad.  X03Uprd  BakTAa  O€TOH  MIUIA0  4YMKApHIl  CaHoaTuia
dholinananuIaural Maxcyc Tanépiianrad Kymumdanapiad QoigaiaHiiaim.

KuméBnii KylmumMyainap TabCHp caMpacura Kypa Kyiiuaaru cuidgJiapra 0yjamHaam:

* beron xoccanapunu 00MIKapyBYM KylIMMUaap:

— CyB ynurab TypyBYM — O€TOH KOpPHWIIMACHIAH CYB QXpalud YWUKHUIIUHA
[MACAUTUPYBYH KyIIMMUaIap;

— IlnactukioBun — O€TOH KOPHIIMACH XapaKaTiaHYyBUYAHJIWTHMHU OIIWPYBYU
KyLIAMYaJIap;

— CrabwuioBun — O€TOH KOPUIIMACUHU KaTIaMIIAHYYaHJIUTMHU OJIIUHU OJYyBYU
KyluuMyaap.

* DBeTOHHUHT KOTUIIM Ba OETOH KOPHUIIMACUHUHT TUILJIAIIUIIMHA OOLIKAPYBYH
KyluuMyasap:

— beToH KOpPUIIMAaCHUHMHI  TUIUIAIIMIIMHU  TE3JaTyBYM  (CEKUHJIATyBYH)
KyILIAMYaJIap;

— beroH KoTMIIMHY TE€37aTyBUM KyIIMMYaiap;

— DbeToH KOTHIIMHM TallKM MYXUTHUHI MacT Xapoparuaa XaM KOTHILIWHU
TabMHUHJIOBYH KYyIIMYaiap.

* beron kopummacu Ba OCTOHHUHI FOBAKJIWIM Ba 3UYIMTHMHU OOIIKAPYyBYH
KyluuMyasap:

— T'a3 xocwi1 KuiyBYM KymuuMyasap;

— XaBo xand KWIyBUM KylIuMUamiap;

— 3uuioBuM (OETOH FOBAKIAPUHM KOJIMATallMs KWIyBYHM) KyIIMMYasap;

— Kynuk xocun kuiryBuM Kymumyaniap.

* beron aedopmanusicuHu OOIIKApyBUM KyIIuMUaiap.

* DETOHHMHI XHMOS XOCCAJIAPMHU OILUMPYBUYM Ba METAI KOPPO3USICHHH
CEKMHJIAIITUPYBYU KyIIMMYAIIAp.

* TI) MaxcylJoTjapra HaM-UCCHK HHUIoBH Oepuimn BaktuHu  40%raua
KUCKapTUPHUIL, KOJUIAAH €4uO OJMIIHM, MOHOJMT KOHCTPYKLMsUIapra IOK KyHHII
BAKTUHHU TE3JIAIITUPHIII,

* /) KUII BaKTUJa KOJIMIJIAHTaH OETOHJIapra MCCUKJIMK MUIUIOBUHM OepmacaaH
KOTHUPHUIIL;

* ¢) OCTOHHMHI COBYK TabCHpUIa YUAAMIWIMTUHU 2-3 Ba YHIaH Kyl Mapra
OIIMPHUIIl UMKOHWHH;

*  K) OCTOHHUWHT 3UYJIUTH Ba YTKa3MaCIUTHHH -2 Mapkara OpTHpUIII;

* 3) OETOH Ba TEMUP-OCTOHHUHT TYpPJIM arpeccuB MYXUTJIAp TabCUpUTra
YUJAMIIUTUHU OPTHPHIILL.

KymumMyanapHUHT ajg0xuaa KiacCu(puKaums rypyXJapuHUHT Tabpuduapu.

15 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005. p. 199
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* Ilnacuxnosuu Kywumyanap— 6€TOH KOPUIIMATAPUHUHT XapaKaTIaHyBYaHIUTH
€KUM SKOMITAIIyBYAHIMTUHA OUIMPYBYU CUPT-Ghaosl xoccaiapra sra mojajanap. Temup-
OCTOH  KOHCTPYKLMUIAp  TEXHOJIOTHSCHAA  KYIIMMYAJIapHUHT  IJIACTUKIOBYHU
camapaiapugaH (oiganaHuIl MaxCyJIOTIapHU KOJUIUIAIHA OCOHJAIITHPAIu EKU
XapakaTJaHyBYaHJIMTUHU CakKJaraH XoJiJja CyB MUKJIOPHMHU KaMaTUpHUII Ba UIYHUHT
Xxucobura OETOHHUHT FOBAKIWTHUHM TACAUTUPHUIN, 3UWIUTH, MYCTaXKaMIIUTHHH
OILIMPHUII Ba OOIIKA XOCCATIAPUHHU SXIIUIIAII UMKOHUHU Oepaiu.

* Cmadunnoguu Kywiumuanap — OCTOH KOPHUIIMACHHU KaTJIaMJIaHUIIWHU
nacaitupuira €paam 6epyBur Mojanap.

* KVynuk Xocun Kuayeuu Kywiumuanap — 3apyp XaXM OPTHUILUIA Ba TYpPFYH
TEXHUK KYTIHK OJMIIBAa OETOH KOPHUIIMAacH KOMOHEHTJIAapu OWjaH apasaliTHpUIraHia
AyeiKaan €KUM CEOFOBAK CTPYKTYpPaHHU XOCHUJ KUJIMII MUMKOHUHHU OepyBUYH CHPT-(haoi
Monamnap.'®

e Fosak Xocun Kunyeuu Kywiumuanap — OCTOH TaHACHJlAa MAKCAIJIM XaBO EKHU
ra3CMMOH FOBAKJIAPHU XOCHJI KWJIMIL UMKOHUHH O€pyBYM MOJAajap.

 bemon Komuwiunu _Oowikapyeyu — OCTOH MYCTaXKaMJIUTHMHH OPTHUIIN
KMHETUKACUHU 3apyp HYHanumiga y3rapTUpyBud (Te3NaTyBud €KUM CEKHHJIATYBUM)
Moananap. Kotnimau te3namTupyBun KylMMYadapHU KYIIMII KUCKA BaKTJIapaa 3apyp
MyCTaxKaMJIMKKa SPUIINII, 0ab3W XOJUlap/ia IOKOPU CYHTH MyCTaXKaMIIMKKa SPHIIUII
MMKOHUHU Oepaju.

* bemon _mycmaxkamnuzunu owiupysuu Kywiumuanap - OCTOH 3UUINTUHU
OpTUpUO, YHUHT CYB YTKa3MaclWK Ba COBYK TabCHUPHra YHUIAAMIIMTUHU, MabIyM
XoJulapjia TYpJAW arpecCuB MYXHUT TabCUPHUAA KUMEBUM YUIAAMIIMTUHU OIIMPHII
WMKOHHMHH OepyBuH (CyB capPuHU KaMaTUPYBYH ) KyITUMYaIap.

AKpHJI aCOC/Iary SIHTU aBJIOJI CYNEPIIACTU(GUKATOPUHUHT TAbCHP MEXaHU3MHU '’

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

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

*  CosyK _mawvcupuza Kapwiu Kyuwiumuaaap — CyBHUHT My3Jalll XapOpaTUHU
nacaiTHPyBUM Ba OCTOHHU CAJIONI Xapopat/ia KOTUIITHHU TABMHHIOBYH MOJIIajap.

* Tudpododnosuu Kywumuanap — ¥FOBaKJIap Ba Kamwuapiap JI€BOpuUra
ruipodo6 (CyB UTApHIIl) XOCccaJapuHu OepyBUM MOJIalIap.

CyB-11eMeHT HUCOATH.

CyB-ieMeHT HucOaTh O€TOH XOCCalapUHU  OCJNTHUJIOBYM DHI  MYXHUM
napameTpJapaad Oupuaup.

Haszapuii uxaTnaH LEMEHTHUHI TyJla THAPATALMACKA YYyH YHHMHI Maccacura
aucbaran 22-25% cys tanab stunaau.'®

Awmanga sca 3apyp cyB MUKIOPHU 33%HM TalIKWI 3TaIu.

Ymly HeMeHT y4yH CyB MUKIOPWHU MAcaUTUPHIL Ba LIEMEHT 3appajapuHu Oup-
Oupura SIKMHJAIITHPUII Y4YyH Ba IIy OwWigaH Oupra KOTraH LEMEHT TOLIMHUHT
3UYJIUTMHA OUIMPUII MYyXMM Macanaaup. by 5sca MycTaxkaMJIMKHM OpPTHUILM Ba
VYTKa3yBUAHJIMKHY MacalTHUpUILTa 010 Kellau.

18 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005
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beron Ba Temup OeToHIAp YUyH KyKYHIU KyIIUMYaiap
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FIGURE 6.7 Typical age-strength relationships of concrete based on compression tests of 0.15x0.30 m (6 x 12in))
cylinders, using Type | portland cement and moist-curing at 21°C (70°F): (a) air-entrained concrete, (b) non—air-entrained

concrete. (Kosmatka and Panarese 1988)
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HeMeHT TOINMHUHI FOBAKJIapH

HINTH XaKMUHHUHI S'IBFapMaCJII/IFI/I OCMMCHT

(V)

* beron mycra\kamumru Ba yMpOOKH

MaCTaCUHUHT rujipaT dazacura OOXJIUK.

ynaau:

° KOTFaH HEMCHT IMaCTaCruda MKKH XHJI FOBAKJIAp XOCHJI S

- T'CJIBJIM XOBaKJap,

-KanuuIsIp FOBaKJIap.
* Opatna 6eToH TapKUOMIa XaBO XaM MaBXKy[ O

Vaaau.

ueMeHT TOIIMHHUHT FOBaAKJIapH

I'ens roBaknapu C-S-H katnammapu opacujgard KanuHiaura 0

5 man 1O 2,5 HM

MHUKPOTOBAKJIAp Bada KHYHK

b

9

ragya Oynran ¢azo. Y3 wuuura katiamiiapapo ¢aso

MYCTaXKaMJII/IK Ba

KI/IpI/IIHI/IHI Ba CHIDKHIIIa TabCHP OSTHUIIH

N30/IOWATIaHIrad  KallWUUEApJIap fFOBariHM y3 HYMIaAa OJIadu.

(V)

YTKAa3yBUaHJIMKKA KaM TabCUpP O3TalH.

C-S-H

n
]
S
<)
o
>
S
L
Q
©
o

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; (¢) 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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Maxcyc okopu mycraxkamiankka 3ra 6eron (UHPC)
Kyna roKkopu 3ud MUKPOCTPYKTYypa
* IOxopu camapa
» Cukunuaaru 1Kkopu mycraxkamiauk (150-230 MIla)
* JOKopu dycTaxKaJInK
* BeTOHHWHT TEXHOJOTUSICH FOKOPH
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Composition of UHPC

Silica fume

PCE -

superplasticizer Quartz powder

water

Micro steel fibre

cement

Basalt gravel

Quartz sand

Aneu maiépnanzan UHPC xoccanapu

UHPC mycraxkamiaurura

* XOM aIi¢ TapKkuou

* apaJTAlITHPHII
Cyneprutactudukarop Typu Ba
MUKJIOpY TabCHUP ITA]H.

UHPC nauar 6up yku 6yitnua
CUKWJIMIIIATA MyCTaXKaMJIUTH
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Properties of UHPC in Uniaxial Compression
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Table T7.8. Composition of Experimental Concretes Produced in a
Ready-mix Plant™ (Iln W.5.A.)

Concrate fype Feference  Sica fume Ry ash Sag + silfca fume

Wile + m) .30 Q.30 0.30 0.3 0.25
Watar kg/m* 127 128 129 131 128
Cament

ASTM Typa Il kg m* 450 425 3565 228 168
Hlica furme kg/m* - 45 - 45 54
Fly adh kg m* - - 85 - -
Hag kg m* - - - 183 320
Dalamite limestona 1100 1110 1115 110 1100
Coarse aggregala kg/m*

Fina aggregats kg m* B15 g10 B10 B0 a0
HAparplagticizer Lfm* 15.3 14 13 12 13
Hump after 45 minutas (mm) 110 180 170 220 210
Srength at 28 day  (MPaj) 252 110 8a 105 114
Srength at 21 day  (MPa) 109 118 111 121 126
Srength at 1 year  (MFa) 119 127 125 127 137

* Shdlium ==t of a naphthaln sulphonate
YTa roKOpu MycTaxKaMJIMKKa ra OETOHJIAPHUHT TapKuOIapu
Tab. I Eramples of mix proportions and resilts o mechanical sirength

Type of material unit |Mix1 Mix2 [Mix3 | Mix4 | Mix5 [Mixé

CEM IVA-5 42 5 B + slag + microsilika kgm' | K31 R70 | O2h | R4D | 8RO | 980

Ciround quartz filler kgm' | O i 255 | 10 | 5D 5

Steel microfiber 1310,2 mm kgm' | L0 1200 | p00 | 120 | 1200 | 120

Sand 04 - type [ kgm' | 1216

Sand 012 - type 1 kg/m' 871

Sand 072 - type [ kg'm’

Sand 02 - type [V kg/m’ 1235 IO | LETT | L

Super plasticizer kgm' | 40 40 40 i Ell] il

W ater kgm' | L6S 160 | 165 | 160 | 16D | 160
Test vesults after 28 davs of curing In water - EN 19%6-1

Bulk density kgm' | 2380 0 2450 | 2400 | 2430 | 2450 | 470

Compression strength MPa | 1435 153 | 1525 | 1635 [ 1735 | 149

Bending strength MPa | 289 3] e M2 M2 | M

UHPC rapku6u (Macca 0yiinua, %)>>°

204il J. Kim. Recent Advances in Ultra-high Performance Concrete. J Rec Const Resources Vol. 1, No. 3 1(3)163-172(2013).
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Table ¥ Composition of materials for UHPC ipercent by weight)

Compresive
Relerenee Cemenl WIC ralin Fiher SCM Cuarte powder | Super-phisticieer Kimd P
slrenplh
BEC % 0.2 Ti5) D8EF) % 1% didg 20 MPa
Honngau e 127 05 D8EF) iy i3] 415 190 Mk
HDR L3 14 E%i5) B%(F] o ™ A% | 160 MEs
E&C 1% .19 CRTRY Th5F] 1% I* 5% 200 MFa
WEL 13% .12 00D H(CHT) E%d5F] i 0% 44%, 194 MFa
Jihlbien it .20 E5515) P Pre 1% Pre 192 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 tapkubu,%
Wbl 22
Feecrpa= ol el LDH ST
i ateriak UHMC1 (15 F B (150 | B
T g s [T |
TERA LSS E HFA0 124 [ L
L et il s e [} 2EZ2 S [
jnnarce L] [ g e |
Bl ez el 217 2187 Z1EF
S aandd -2 8 =t M 105497 (L= =2 B
Bl moe—a b Lk =13 =13
W s 2031 2021 0o
S n e L e nee v L | = 5 = 5
W e b e O A L 2% 3% [ e x|

Kyiiniran kopumma 3acu «®@uia tepucu' yxmaran ssaru taiépaanran UHPC
xoccacH (Taiiépianrangan raxmunan 15 munyr?!

21 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
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The Gartnerplatz Bridge

Structural Analysis
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The Gartnerplatz Bridge
Precast UHPC Element for upper chords

0

Conventional UHPC-
stair stair

Concrete 0,850 m3 0,205 m?
volume

Mass 2125 kg 515 kg

Figure 8: Four bending fest. Example of defiaction observed with sprayed Ductal® mixes at 28d
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Hasopar caBoJsiapu:

1. beton KOpuIIMAacMHUHT CyB TanaOyaniaurd Oyinuya 1 M3 OGeTOH ydyH CYB
capduHH.

2. llement capduHu. AHMKIAHTaH LEMEHT MUKJIOPUHM MHHHMal pyxcar
ATUJIAIUTAHUOWIIAH COMUIIITUPUIII.

3.3uy OeTOH KOpHUIIMACHHM oJidil yuyH 1 M3 OeToHra marepuaiiap cappuHu
xucoOanmi.

4. beroH TapkuOMHM Maccacu Oyilmya HUCOMH Yiyamiapaa XHUCcoOarll.

DoigaJAHIITAH a7a0uéTaap:

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. L1, 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-0eToH Oyromiiapu uIuiad

yukapuin texHonorusicu. Japcouk (AxkpamoB X.A., HyputnunoB X.H., TomkeHr,
TAKU, 2010 #un 592 Ger.

4-mag3y: MOHOJIUT KypuJumi/
Pexa:

4.1. YMymuii MabIymMoTIIap.
4.2. Kyiima 6eToH. Xoccamapu.
4.3. dDoiiganaHuIl COXAJIApH.

Taanu ubdopanap: monorum Oemon, onanybka, OemoHHU Napeapuul Kuiuud,
OemoHHUu Kytuuwl, OUKDIUK, MHCOUNAULYBUAHNUK, OKYBUAHIUK, KYPYK UCCUK UKIUM
wapoumu, canrbbuti xapopam.

4.1. YMymuii MabJIyMoOT.Iap.

Monoaut Kypuiaum — TeMup-O0eToHAaH OMHO Ba WHOOTJAPHH Oapno KWJIHIII
TEXHOJIOTHSICH OYNu0, y KMCKa BaKT WYUAA Xap KaH[all OamaHIIWKIard Ba IIAKJIIard
OMHO Ba MHILIOATIAPHU OAPIIO ATUIIT UMUMKOHUHU O€pyBYU TEXHOJIOTHSIUD.

MOHOIMT KyPpHJIMII KyHHAATH ACOCHI TEXHOJOTMK 00CKUY/IapAaH noopar:
* Apwmarypa KapKacllapuH{ YpPHATHULI;
e OmnanyOKa (KOJIUILIAp)HU YPHATHILL
* beToHHM KyWu;
* Kyitunran 66TOHHM UCUTHUII (KWL BaKTH/IA);
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* beroHHUM nmapBapuIll KWINIL,
* Konumnapau eun® onumi.

MoOHOJIUT OETOHHMHT AB3AJITHKJIAPH:

e  HMnutapHuHr T€3 OaKapuiIUILIH;

* HamyHaBuéi Kypwiuil 53JIeMEHTIapura OOFIMK Oyiamaran xojijga OWHOHUHT
XOXJIaraH MAaKJIMHU TaHJIall UMKOHUSTUHUHT MaBKY1JIUTH;

*  YoknapHUHT WYKIUTH OWHOHMHT TOBYII Ba HWCCHUKJIUK H3OJISIIIUSICUHU
AXIWIAWINA, Jap3jiap KETUIIMHWHT OJIAUM OJMHAAW, OWHOHMHI Ba3HHM Nacasiu,
KOHCTPYKITUS MyCTaXKaMJIUTHHUHT OPTUIIN YHHHT YMPOOKUIIIUTHHU OPTUPAIH;

» IOKopu COBYK TabcHpUra 4uJaMIININK.

Oxopunarmnapra kapamail MOHOJUT KYpPWIMIIHUHT MabiIyM Japaxkaja
KaMYUJTUKIIap MaBxKYy/l

-KapKac —aHeJUIM KypWIHILITa HICOATaH MEXHAT Ba XapaXkaT KUXATHJIaH FOKOPU;

- MHXEHEPJIMK TU3UMJIApU Ba MYpWJIap aBBaJJIaH Ky3/la TYTWITaH X0Jjaa 0apro
STUJIMIIM  KEpaK, YyHKH KEHMHYAIMK MabiAyM Y3TapTUPHUILIAPHU  KUPTU3HUII
KUUUHYUITUKIIAP TYFUPAIH;

- Beronnam nmnapu +5°Caan roxopu xapoparaa GaXkKapuIIUILK JIO3UM, ITYHUHT
YUyH KUII KyHJIapy OeTOHJIAlI hiliapyu O€TOH KOPUIIMACHHU UCUTULI (OaXkapuiiaJauran
UIUTAPHUHT CU(ATUHU TACAUTHPHUIN Ba DHEPrUsl XapakaTIapuHU OPTHUIIUTAa OJUO
Kenaau), €KU KUII BakTiapuja OCTOHJIAIl HIJIAPUHHU Oakapulll MMKOHMHH OEpyBYH
Maxcyc Kymumuaiap/aH (Gongaianuiil 3apyp.

- IOkopu mycTaxxkamJIMKHU Ba KOHCTPYKUUSHUHT MOHOJIUTIIMTUHHA TabMHHJIAII
y4yH OCTOHJIAII HIIJIApH Y3ITyKCU3 Ba OMp Heva MyHaIuIIIa OaXapuiTuIy JIO3UM;

- beron xopummMacuHu 3u4ian HUXOATAA cu(aTivn amanra OMUPWINILN 3apyp,
aKc XoJiJa Xap KaHJan xapakaT campacu3 OYIUII MyMKHH;

- Temup-0eToH AeBopiap IOKOPH UCCUKINK YTKAa3yBUaHIUKKA 3Ta, IIYHUHT YYyH
KYIIMMYa UCCUKJIMK U30JISIUS UIIUIApUHU Oa)kapull 3apyp OViaau;

- MOHOMUT KOHCTPYKIMSIAp XOHajapJard TOBYUI M3OJSILMAICUHU €Tapiu
napaxkanga TabMuHIa0 Oepa onMaiinu (aliHukca 3apOajaH ro3ara  KejlaJura
TOBYIILIApAA.
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Mounonut Kypununina ¢oinananuiagd 0eTOH KOpUIIMalapy KYpCaTKUUJIapUHUHT

MEBEPU
JKoiinairyBuaHink
JKolnanryBuaHinuk sy T
Oyiinua MapKacu Guxpiuk, C XapakaTriaHyBYAHIIHK, p
’ cM
XK1 1-10 - Vpraua 6uxp
I11 - 1-8 KamMbapaKaT4yaH
I12 - 8-16 XapakaruaH
I13 - 16-24 KOxopu xapakaTuan
14 - 24u Gonee Kyiima

Typau KOHCTpYKUHMSUIApHU OETOHJIAII YUyH O€TOHKOPUILIMACH
KYPCAaTKUWIAPUHUHI TAXMUHUM Japaxacu

XapakaTiaHyBYaHIMK
Konctpykuus typu p (KY) };BM

[TolineBop Ba moJuiap OCTH TylIaMacu 1-2

Maccus, apMaTypaiiaHMaras Ba CUHpak apMaTypajaHraH 2-8
Kapxkacnu, Temup-6etoH (minuTanap, Oankanap, KOJIOHHAIAP) 4-12
3u4 apMaTypajaHTaH TeMUP-0eTOH 8-16
ApmMmarypananMaras Oyprysad Kupra3mwiaaurad KO3uKjap 8-10
Apwmarypananras Oypryinal Kupra3zuiagurad KO3UKJiap 12-16
bocum ycynuaa 6eronnanaauran Oypryiaald Kuprazuiagural 16-04

KO3UKJIap

[axTanap 16-20
K¥yiunaauran aetanig Ba 34 apMaTypajaHTaH 20-24

KOHCTPYKLHUSIap

* Orup OetoH kiaccu Kuppaiapu 150x150x150 mm O6ynran HamyHanapHu 28 KyH
HOpMaJl IIAPOWTIAA KOTraHJaH KEHWWH MyCTaxKaMJIMKKa CUHAIHO aHWKJIaHaIul Ba
Kyhnaaruya oenrunananu - B3,5; B5,0; B7,5; B10; B12,5; B15; B20; B25; B30; B35;
B40; B45; B50; B55; B60 (I'OCT 10180-90). beron knaccuaaH CHKHJIHUILIIATA
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myctaxkamiaukka (MIla) ytum yayn B 0,778 koadduuumentura 6ynuHanu. Mucon
yayH B10 knaccu yuyn ypraya mycraxkamiuk 10/0,778 = 12,86 Mmna ra tedr 6ynaam.>

* CoByK TabcUpura 4YdJaMIWIMK  Oyiinya  ofup  OETOH  MapKalapu
kyhiunnarmiapaup:F50; F75; F100; F150; F200; F300; F400; F500 ('OCT 10060.0-95),
CYB YTKazMacnuk Oyiinua mapkanapu aca W2; W4; W6; W8; W12

Enrun 6etonjiapHuHT TaBcu(Iapu

CoByk
VYpraua Tabcupura  HMccukinmk
Mycraxkamimk o
beron Typu 3UYJINTH, N YUJAMIIUIINK YTKA3yBYAHIIUK
3 Oyiinmya Kjmaccu ...
KI/M oyiinua kodhpurreHTH
MapKacu

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

KoncTpykimon-
UCCUKJIUK 800-1400 B3,5-B12,5 F75-F150  0,23-0,64
U30JSLMSIIOBYH
Uccuknuk benrunan-

500-800 B1-B3,5 0,17-0,29
U30JISLHSIIOBYH MaraH

MononuT 6eTOH KOpUIIIMAaCHHH KyHUAaru ycyiap EpaaMuaa 3udian MyMKUH:
* (A) Kyna 3u4Iall;
* (i) TpamboBKanar;
* (b) BuOparus €pnamuia 3udai;
* () nuku BuOpaTop €praMuia 3U4Iall;
* (II) OmanyOka ra ypHaTWITaH TAllIK{d BUOpATOP EpaaMuia 3UUIIAILL;
 (IIT) KO3anu Bubparopnap Epaamuna;
* (IV) Peiikanu Bubpartop €paamua;
* (V) Bubpokartoxk;

* (VI)Turparum Ba 60CMM OCTH/Ia 3UUJIAII Ba OOIITKAIap.

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

5. No. Charaderigtics of Vibraior Appiication
Lengih of Dhameter of Recomm ended * Recom mended
the Wibrad- the Wbrating frequency of witrration Acce-
ing Needie Needle witiration under leration {opera-
no Load Sate, tiom i Air), Min
Min Witration
mm mm ViAg g
(i 2k i3} i) i5) (6}
iy up 1o 330 up o 35 2000 30 1o 30 Rastic, workable concréle in very thin members and
confined pl and for fab it of lsboratory test

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

iy 250 to 500 Over 35 SO0 Oover 30 Plastic, workabble concrete i thin walls columns,
up lo 80 up o 60 beams precasi pies, kght bridge decks, and along
congtruction jointa.
{ iy 250 to 70O Over B0 TOO0 Orver B0 Fastic, workable concrete in general construction,
up o 75 up lo 73 Such as walls, columns beams, precas ples, heavy

fhoora, bridge deck and roof slaba, Auxilary wbration
adpocent to form s mass concrele and pavem anis.

i (2} (3 {4} (5} ]
(W) 300 to 450 Over 75 7000 Over 75 Mass and dructural conorete deposted in increments
up to 90 up to 80 up to 2 m? in heavy construction in relatively open

forms, in power houses, heavy brdge piers and
foundations and for auxikary vibration in founda-
fions and for auxlary vibration in dam constiruction
near lonms and around em bedded Rems and renfor-
cing stesl.

(¥ 200 1o 475 Over 90 8000 Ower 90 Mass concrete contaming 15 om. aggregale
depodied in incremenls up 1o 8 m?, n gravily dams,
large piers, masive w alls, etc. Two or more vibrators
will e required to operate smultane cusly 1o m et

dow n and conmbdate increm ents of concmie of 4 m?
of greater volume deposited at one time i the forma,

* Wabee of accelemtion measared in concrete should nof be less then 74 percemt of the valaes given above.

¥ Acceleration dw o gravily,

e—

Plate Vibratar Scread Boord Vibrator

Meadka Vibralor Mesadle Vibnatar

Todole WVibeohor P—— Petrcl

BeTOH KOPHIIMACHHH 3U4JIall YCKyHatapu>*

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 MycTaxKaMIIMKKa T€3 SPUIIMIINMIA KyHUIaruiap TabCUp STHIIA MyMKHH?:

(A) beron mmkactmanumra pakaT KMCKa BaKT 03 OCpHIIH;

(b) beron aneMeHTNapura Ky/1a KHCKa BaKT HIIJIOB OCPHUIT IMKOHUSATH OYJica;
(C) Kypunuin MaitIOHUHT TOPJIUTH;

(D) nmnap erapnu gapaxana cudaTiiv TAlIKII dTHIMACA;

(E) omamy0Oka MEUKIOPHUHHHT KaMJIUTH, EKU 3apyp YiIdamaard omainyOKaJTapHUHT
eTUIIMACIINTH;

(D)keiiuHrn  KyHuIn HOUIApUHU  OaXapulll y4yH ONaJyOKaHW BakKTHAA €4uo

OJIMHMAacCJIMI'u

beroHra 10Kopu Xapopatja TabCHp ATAUPUII Kyiuaarnya Oakapuianiid MyMKHUH:

(A) Tabuuii mapoutaa (oaauii armochepa 6ocumua) OyFiarr;
(b) roxopu 60cuM ocTHa TEPMUK UIILJIOB OSPHILL;

(C) Undpakusun Hypiapu OUIaH UIIUIOB OCPHIIL;

(D) DnexTp Toku €paamMuaa KOTUILHU TE3JAIITHPHILL

Bearn undar feanm :|i|'|!="|.

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

Edition 2005 p.281-283

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

Wright. 2011.
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MoHOMUT KypwiMIl >kapaéHuja KyiiMa O€TOH KopuumacuaaH (HoigaIaHuIl
KYWHJIATA aCOCHI MacalalapHM XaJl KWIIAILITa KapaTUITaH:

- MycraxkaMJIMKHUHT KaHAaWIUTuaaH KaThbuM Hazap KarTuk ¢asza OuiaH
TYWMHraH IIEMEHT €JIMMUHU Talépiam Ba WIOXKMA Oopuya IEMEHT 3appajiapu
TUApATAIUSCUHY TYJIUK KETUIIUHU TabMUHJIAI;

- beron TaHacuma maiifa gap3map XOCHI OYIUITUHA KaMauTHPHIIL

- beTOHHUHT JTOMKMXAaBUN MYCTaXKAaMJIMTHMHUA TabMHWHJIAII Ba JKCIUTyaTalMs
XOCCaJlapyHU TabMUHJIAII YYYH 3apyp MHUKAOPJArd LUEMEHT €JIUMHU XaXKMHUHHU XOCHII
KWINIITHU TabMUHIA0, IEMEHT capduHU MacauThpuin Ouian oupra cyB caphuHU Xam
nacaiitupunigad uéopar.?’

- XoCWJ KWIMHTAH IEMEHT €JIUMH TYJIIUpUyBUWIAp 3appajlapUHUHT FO3aCUHU
KOIUIAIra €TUITMHA TabMUHIIAII 3apyp.

- Kyiima OetoHnman OerToHnamn €paamMuia ONKA, 3UY apMarypajaH-raH O€TOH
MHIIOATJIAPUHU Oapro HTUII OOIIKa TEXHOJOrusjapra HUCOATaH Y3IyKCU3JIUKHU
TabMHUH-JIAII, OETOH KOPHUIIMACHHMU ETKU3UII-HUHT FOKOPM WMHTEHCUBJIUTUA OWIIaH
axpanud Typaau.

27 Li, Zongjin, Dr. Advanced concrete technology / Zongjin Li. WILEY.
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Taper tie
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Mososut opaénmanap TypJiapu

Hopper

Dhaleq valve open ~ Inler valwe chosed

Hopper

I _Imber valve apen
Dhuglet valve ¢1o¢=¢d L e

Fg. T Direcr-acting concrete pump
{Based on A0 Manwal of Concrere Praciicoe.)

BeToH Hacoc MIuIan IpHHIAIHZ

28 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005 p.251
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10¢

2
Rehars 3 = 12 mm dia
y Giap 35 mm
ikl
L
H : |50
' H.
(-2 (40X
(L]
Canciate flawing thiough L-Box
Fig. 12.17. L-Bax Courasy : Hindusion Construciion Sampany
mat e I
Cancrete possing through U-Bax
Coivtasy - Hinousran Constanc fioe Coimpony
Table 1Z.16. Shows Typical SCC Mixes in Japan 12.17T
ingredient Fowder Type YildA Tivpe Combinad Type

Waler kg/m? 175 165 175
Cameant kg/m® 530 220 288
Ay ash kgim*® 7O o 206
GGBFS kg/m? 0 220 0
Slica Fume kg/ m? o 0] o
Ea kgdm® 751 BT To2
C.A. kgfm® 788 B25 a7
High, Rangs Water reducng 2.0 .4 1006
admibdures kg m®

WiAA kgd m? o 4.1 0.0875
Hump flow test dia. of G625 G600 G680
spread mm

HNxku TOoMOHM TEKHC Opacnmanap
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Nxku TomoHM BaJIMCUMOH opaénmMaliap

Tremic smooth bore pps
wilh watermight quick-sction
joinis

Water level

Enad of tremie immersed
g rehe unbil pour
complets

Fig. 7.0 Underwaler concrening
{Based on COMCRETE SOCIETY, Underwater concreting,
Techmical Kepert, Moo 3, po 13 ( London, 197100
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Ha3zopar caBosiapu:

1. BeToHHHMHTr nacTnabK¥ MyCTaXKaMJIUTUTa SPUIIALIATA SHEPrUsl TabCUPHUHU
KaHal N30XJ1all MyMKUH?

2. beron Ba TeMHpOETOHIAH MAaxCyJOT WIUIA0 YHMKApUIAArd >HEprus cappu
MUKJIOPH HUManapra OOFJINK?

3. beron Ba TemMupOETOHJaH MaxCyJOT HILIA0 YMKAPUIIIA SHEPTUSHU KaHIail
ycysuiap épaamMuaa UKTUCO KW MyMKUH?

doiigananniarad agaduériaap:

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-0eToH Oyromiiapu umuiad
yukapuml texHonorusicu. Japcouk (AxkpamoB X.A., HyputounoB X.H., TomikeHr,

TAKMH, 2010 itnt 592 Ger.

IV. AMAJIUA MAIIFYJOT MATEPUAJLJIAPU

1-amaumit MamryJiotT: beron Ba remup-0eToOHAaH TapUXHd Ba 3aMOHABHH
KYJUIAHWJITAaHU TaXJIHIIH.

Mamrynoraan makcaa. Kagumuii Ba 3amoHaBuil 0€TOH Ba TeMHpPOETOH HILIa0
yuKapuil Ba (oimamaHWIIIArd OPUIIWITAaH IOTYK Ba KAMUYWIMKIAD XaKuja
MaBJIYMOTIAPHU Y3MAIITHPHUII Ba XO3UPTH BaKTAA cOoXaja dPHUIIMITaH I0TyKiIap OuiaH
COJTUTITUPHIIL

Macananunr  kydmmm:  https:// www.youtube.com/watch?v=8uQmvjMNaoc
caiituaa National Geographic TomoHuaH Koimamtupwirad «beton» HOMIIM (UITHHU
KYPHIL Ba TaXJIUJ1 KAWL,

OuiIpbHUHT Xap OMp MaB3yra OaFWIJIaHTaH KUCMUAAH KEHWH THUHTIIOBUYUIAP
KyHuara MacajiajiapHi Myxokama 3TuO 3 Gpukprapunu Omnaupaauiap.

Myxokama y4yH caBosuiap.

1. Kagumuit Oeronnap. Ilymuonan kymumyanap Oolika KylIuMmdyanaplaH Kaicu
KuxaTiaapu OuiiaH axpanub Typaau. Fumr maiinacu (KykyHH) Kymmm4da cudartuaa
KaH/Iail camapa 6epaau? Xo3upru BakTaa Oy coxanaa KaHaal TapkuOimapHu ommacus?
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2.I'uaApoTexXHUK HIIIoaTIap y4yH OeToHmap. BeToOHHMHr cyB YyTkazMaciauruHu
OLIMpHUII Yy4YyH KaHJal dYopajap KypUIIHM TaBcHs dTacu3? beToH KoThmmaaru
HK30TEPMUSIHM KaH1all ycyiiiap OMilaH nacaiTUpuIl MyMKHH?

3. Mononut Kypuiniaa 0eronnad ¢oiaanaHuml. Tamky MyXUT XapopaTH IOKOPH
OynaraHuaga OETOHHM Te3 KOTHO KOJUIIMHM OJJIMHM OJMII Y4YyH KaHAal dopaiap
kypuiml MyMkuH? beroHHacocmap épaammia y3aTuiaaauraH O€TOH KOPHUIIMACHHUHT
XYCYCUSITUHHU KaHJail yopajap XucoOHra sxImuiam MyMKAH?

Ha3zopar caBosuiapu:

1. BeTOHHUHT AacTnaOKku MyCTaXKaMJIMTUIa SPUILUIINTA SHEPTUs TabCUPUHU
KaH7Jail u30x1am MyMKHH?

2. betoH Ba TeMHpPOETOHJAH MaxCyJOT MILIA0 YUKApUILIJAru sHeprus caphu
MUKJ0pPU HUManapra OOFJInK?

3. beton Ba TemMupOeTOHAAH MaxcCyjJoT HILIA0 YMKApUILAA SHEPTrUsHU KaHAau
ycymiap €paaMuia UKTUCO KHJIUII MyMKUH?

DoiaJaAHWITAH a1a0uéTap:

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-0eToH Oyromiiapu uiuiad
yukapum texHonorusicu. Japcouk (AxkpamoB X.A., HyputnunoB X.H., TomikeHr,
TAKMH, 2010 vt 592 Ger.

2-amanui Mmawryaor: Oaaui yMyMKYpPHJIMII Ba MaxXcyc 0eTOHJIAp TAPKUOMHU
JouxaJjani.

Nmpan makcean: beron TapkuOuHM XpcoOan.

Bazudanu OGaxxapum yuyyH Xap Oup THHTJIOBYM Y3WHWUHT BapuaHTUTa Kypa 1-
KaaBayulapAaH TaHiaad onamu. Xap Oup BapWaHT ydyH KUJArWjapHU aHUKJIAIl Ba
XucoobJiai 3apyp;

1. Bberon mapkacura kypa IEMEHT MapKacHu Ba TypH.

2. Kywm Ba inpuk Tynauprudausr noHagaopiauk tapkuou 'OCT tanabmapura moc
KeMMIMHY. KyMHUHT Maija-WMpUKIMTHHE  Ba CyB TanaGuaHiIurvHA. Vupuk
TYJIIUPITUYHUHT KOHCTPYKIIMS KECUM F03acu OYiirua MOC KETUIIHHH.

3. llemeHT-cyB HUCOATHHHU.

4. CyB-IeMEHT HUCOATHHH.

5. BeToH KOpHIIMacHHUHT CyB Tana04yanmuru Oyiimuya 1 M3 OeToH y4yH CyB
capduHu.
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6. llement capdunu. AHHKIAHTaH LEMEHT MHUKIOPMHM MHHUMAal pyxcar
ATUJIAIUTAHUOWIIAH COMUIIITUPUIII.

7. 3u4 OeTOH KOpUIIMAacHUHHU ojuil yuyH 1 M3 OeroHra marepuamiap cappuau
XUCOOJIaIl.

8. beToH TapkubOuHU Maccacu OYirda HUCOUH Yiruamiapa XucoOJarl.

9. beron TapkuOUHM XaKMH OViinua HUCOUM YIdamiiap/ia XucooJarl.

10. Kym Ba HWHUpUK TYJIIMPTUUHUHT HAMJIUTU cababiiv MaTepHallIapHH VIYalllHu
Y3rapuILvHHA.

11. beroH KOpHUIIMAacCHHUHI MIIYM TapKUOWHM Macca Oyiu4a HUCOUN VI4OB
OoupnurHa.

12. beToH KOpPHUIIMACHHUHT WIIYM TApKUOWHU XaxM Oyiinua HHUCOMN VI4OB
OoupnurHa.

13. ¥V nm® xaxmim Geton Koprudaa (1-xaasan) Oup MapTa Taiiépianaauran 6eToH
KOPHUIIIMACUHUHT Xa)XMU Ba UIITYA TAPKUOWHHU.

14. beton kopruuja 6up MapTa Ta€piail yauyH MaTepualiapHUHT capdu.

15. 7°C xapoparau GETOH KOPUIIMACHHM OJIMII Y9yH MaT€PUAUIAPHU MCHTHIL
Xapoparu.

16. beToOHHUHT JTOMMXAaBUN MyCTaxKaMmJIMKKa spuinaaurad Bakr 20 cyTka sMmac,
OaJIk¥ T| Ba T (4->Ka/iBall) BaKT/1a dpUIIaIurad O6yica neMeHT capPUuHu Y3rapuIuHHU.

17. Hopman mapoutna KOTraH OCTOHHUHI T; BaKTJIard FOBAKJIMITMHU KUMEBUU
OOFJIaHTaH CyB MUKIOpUJIaH (4-kKaaBall) KeIuO YMKKAH X0JIJja aHUKJIaIll.

Bapuantaap 0yiiu4a gactiiadku MabJIyMOTIap

1-xanBan

Bapua | Knacc M5 KY, cMm IDK, ¢ |KOHCTPYKUUSIHUHT | diin -MM | Isin, V, nm?
HT B (o) HOMU MM

1 B15 200 10...12 - T/0 TIHTa 300 75 750
2 B20 250 8...10 - T/0 purens 400 40 2400
3 B20 250 12 ... 16 - T/0 Ganka 300 70 1200
4 B10 150 8...10 - T/0 Oanka 300 75 2400
5 B10 150 16 ... 20 - T/0 Ganka 300 100 1200
6 B15 200 12 ... 16 - T/0 mIuTa 200 80 750
7 B20 250 10...12 - T/0 Ganka 180 70 2400
8 BI15 200 5..7 - T/0 Oanka 500 120 750
9 B10 150 2.4 - . T/0 Oanka 300 100 2400
10 B20 250 8...10 - T/0 mIMTa 200 50 1200
11 B20 250 2.4 - T/0 mHMTa 200 50 2400
12 B15 200 5..7 - T/0 Oanka 400 100 2400
13 B20 250 2.4 - T/0 mHMTa 120 100 1000
14 B20 250 2.4 - T/0 Oanka 180 75 750
15 B10 150 16 ... 20 - T/0 Oanka 300 100 1200

dpin — KOHCTPYKIIMI KCCUMHUHUHI MHUHHMAJI S'/J'I‘-IOBI/I, MM; Inin — apMarypa CTCpKCHJIapu
opacuaaru MaCO(I)a, MM.

Bapuantaap 6yiin4a 1actiiadkum MabJIyMoT.Iap

2-3KaaBaJ
| = | Onaknapaaru aipuM KoJaukiap, %o, |
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YaKHUK TOII (IIIaFajITolI) KyM
70 | 40 | 20 | 10 5 | Ocr. | 25 | 1,25 | 0,63 | 0,315 | 0,14 |Ocr.
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 1 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 12 | 50 | 20 | 10 5 15 15 30 30 10 -
12 - 8 22 | 50 | 15 5 25 20 35 10 5 5
13 - 8 20 | 50 | 20 2 25 20 35 5 10 5
14 - 50 [ 20 | 15 | 10 5 20 10 30 20 10 | 10
15 10 | 20 | 30 | 28 | 12 0 10 23 25 31 11 -
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BapuanTaap 0yiinua nactiadku MabJayMoTJIap

3-xaaBal
= 3U4ITHK, TYKMa 3UUINK, KT/aM> Macca 6yiinua
§ = Kr/1mm> HaMJIUK, %
M kyM(K) Yakuk Tomr (U)|  Kiyp. Yiyp. K. Yy K q
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 gactiaadku MabJayMOTJIap
4-kanBan
beToH KOpHUIIIMACHHH OJIMIII Y4yH MaTepHaUIapHH 1 T ———
o WCHUTHII XapOpaTH
H>O
= T = R KHM.OOFJL.
§ Ilement| K Nupux Cys KO;ZQZZ ! T T %o
M (-) (-) | Tyamuprug Y | xapopamu,
(_) °oC
1 10 26 16 75 24 400 7 180 20
2 12 12 12 68 18 500 14 180 19
3 6 10 10 68 22 600 14 90 18
4 11 14 14 70 25 400 14 290 21
5 11 11 11 70 19 400 21 90 17
6 4 9 9 70 20 500 14 90 19
7 13 13 13 75 20 300 21 90 20
8 8 8 8 60 20 600 7 90 19
9 7 15 15 81 23 400 7 45 16
10 13 13 13 65 18 600 7 90 20
11 15 15 15 75 22 600 7 90 18
12 16 10 15 75 20 600 7 90 20
13 5 10 10 60 20 600 14 180 21
14 5 10 10 72 30 400 7 90 19,5
15 10 10 10 60 21 400 21 90 18
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Kymmnmmua macanasap.
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Hasopar caBoJsiapu:

1. BetoH KOpWIIMAacHHUHT CyB Tajabuamiuru Oyiimua 1 M3 OeTOH ydyH CYB
cappuHu.

2. llement capduHu. AHHKIAHTaH L[EMEHT MHKJIOPUHU MHUHHMAll pyXcar
ITHJIAIMTAHUOMIIAH COJTUIIITAPHIIL.

3. 314 OETOH KOpHWIIMAacCHHHM oiuil yayH 1 M3 OeroHra marepuamiap caphuHU
Xucooarn.

4. betoH TapkuOWHKM MaccacH Oyitrmda HUCOWH Yraamiap/ia X|ucoomarl.

doiiganaHnJarad agaduériaap:

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., HypurnuaoB X.H. beron Ba Temup-6eTon Oyromiiapu uIuiad

yukapuin TexHosorusicu. Japcnuk (AkpamoB X.A., Hyputauno X.H., Tomikenr,
TAKU, 2010 #un 592 Ger.
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V. KEUCJIAP BAHKHA

1-Keiic: beron TapkuOuHM TaHIaml Ba 0€TOHHU NapBapUII KHJIHIIL.

Wppuranus kaHamiapuaa CyBHH TEXalll Ba YHH e€pra CHHTMO KETMAaCIUTHHU
ONIMHM OJIMII MaKcaauJa OYMK KaHaulap KypWIMIINAAa Kapiiyd (GUIbTPaIoH
UIUIapuHU om0 Oopuin Ky3aa TyTwirad. Kanamnmapna kapimu (QuibTpiallHU Xap
TypJlard KUXO3UHH >KOUJTAIITUPHUII UIUTAPU XO3UPTU KyHJIa KYJUIaHWISIOTH (O€TOHIIH,
TeMUpOETOHIM, achanTiu Koriamanap). Yiap sKyda 4YuAamiid, UIIOHApIU, yJapHU
MEXaHU3alMIAII BA )KOMJIAIITUPHUII UIIUIAPUHH TYJIUK XOJUIA KYJJTAHUIIA IH.

Kommama yuyn 200...300 Mapkanu TUAPOTEXHUK OCTOH KYJJIaHWUJIATd Ba Oy
Tamabra xaBo6 Oepaan. Y30eKHCTOH XyIyIW €31a KypyK MCCHK MKJINM IIAPOMTH Ba
KUII BakKTHAa COBYK OYynuimm Owian axpanub Typanu. Kananm aeBopiapuHUHT
KAIMHIUTY ojataa 14 cm rada Oymagu. KypyK MCCHK HMKJIMM IIapOUTHAA OETOHJIAII
UIUIapy OaXapuiraHUIaH CYHT O€TOH KOTUII BaKTHIA KYNr'MHA XoJjuiapjaa Tanép 0eToH
103acua Aap3iiap XOCHI OYIIMII MyaMMOCH r03ara KeJaaau.

beron xopuiiMaHu xapakatd 2...5 cM, QpakUUsSHA UUPHUK TYIIUPUIMII YiI4aMu
40MM maH KYII SMac, Koruiama Kaauaiaury 1/3.

Kana/uiapaa kapuu GuibTpanuoH KOIUIaMa KAJIUHIUTH

Kanangaru CyBHUHT YyKypJIuTH, Komnama KanuHauru, cMm
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 Oeronma nap3nmap xocus Oynuimn cababnapunu Eputu® OepuHr?
TynaupyBUmIapHUHT Y1uaMu Kanaai tamnanaau? Jlapsnap Xocuin OYIUITMHUHT OJITUHU
OJIMII YYyH KaH/Ial yopayiap KYypUIHIIHA Kepak?

2-Keiic: bero Ba TeMup0OeTOH MILJIA0 YHKAPUIIAA IHEPTUATEKAMKOPJIMK.

3aMOHaBUI KypWJIHII WIUTapuja OeToHAaH (oWgamaHuIl caMapagopiaurd Kyl
KUXATIAH TEMUP-0ETOH Oyromiiap UILIa0 YUKAPUII cypaTura OOFIuK OYiaau.

3aBoJi TEXHOJIOTUSICU acoCHia MUFMa TEMUP-OETOH MIIA0 YMKAPUII IIAPOUTH[A
0€TOH KOTHIIWHU TE3NAIITUPUIITHUHT aCOCUN BOCHUTACH YHTA UCCHKJIHMK OHMIIaH WIUIOB
oepuin 0VIud Komaau.

Hccuknuk Omnan unmioB Oepuin OyroM Tai€prnamr ymMymud nukiauHuar 70-80%
BaKTUHM oJiaau. Mccukiauk OusiaH WIUioB Oepuinl ydyyH OeToH Taiépralira
cap(ranagurad yMyMHUi HCCUKIUK SHEPTUsICUHUHT 70 dousuraya UILIaTuiIaau.

Hccuknuk 6unan uiuioB OepuIgard xapaxariap Ha (akat Oy Ba OOIIKa Typaaru
SHEPrus sMac, 6aIKu KOJIMUILIAp COHU Ba LIEMEHT capdura xam OOFIuK OyIaau.

67



beron Ba TeMup-0€TOH TEXHOJIOTHUsIIApU

Hccuknuk OwnaH HUOUIOB OEpUIll AABOMUWIIMTMHU 0ab3u KOJNUILIAp alIaHWIIN
JABOMMIIIMTH Oenrwiaian Ba Oynap 0axocH KOpXoHa Oapya HILIIA0 YHUKAPHUII
(GOHAJIApUHUHT aHYaruHa KUCMHUHM TallKwi 3tagu. Konuriuiapra 3aBoji yCKyHallapu
yuyH capdnanagurad Oapua nynatHuHr 60-70 dousu cadpranaau Ba KoJuruiap
amopTHU3aIsicura TyjaoBiap O6omka 6apya ycKkyHaIapHUKUaad 1,5-2 MapTa Kynaup.

3aBonnga wunuiad 4YMKapwiagurad Oapya MaxCyJIOTHUHT 85 Qowusura Kaaapu
Kamepanapnaa, OyF Mewbépaaru atmocdepa Oocumu Ba Xapopar 60-100°C Gynran
mrapoutna OyrnaHaau. byrnmaman Tamkapu sHa aBTokiaBna OetoHHu 174-191°C
tyinupwirad  0,9-1,3 MIla O6ocumuma Oyr Ounan Oyfnami, O€pk  KOJUITHU
TAIIKapUCHUIAH KU3IUPHIIL Wynu OwiaH, OCTOHHM HMHAYKIMOH TOK OWJIaH, 3JEKTP
MarHuT MaiJIOHUa UICUTUII YCYJUTApU UILIaTHIAIH.

Kopxonanapna OetonHu kuzaupuin 2,5 coatnan 24 coatrada JaBoM 3Taau. bupok
acocad, OetoH 12-13 coar kuzgupwiagu. CamMapaidd TEXHOJOTHK YCYJJIapHU
UIUIaTMAcAaH TypuO OyFJalllHM TEe3NAlITUPUIL LEeMEHT capduHu owmupanud. Mucon
yuyH Oyrnam 13 coatman 6-7 coarra kamaitupwirasga mapkacu M 200 Gynran
6etonna niemeHT capdu 80-100 kr/m3 kymasau.

Temup-6eToH Oyromiiapura UCCUKJIMK OWJIaH MIILJIOB Oepull yiap KyHaTUJIaJura
(YTyBYaH, KOJMIJIAH YUKAPHII J@pakacHIaru) MycCTaXKaMJIMKKa JpHUINTYHYa JaBOM
stanu. byHnail xonarna OyFinaHranjaH cyHT 28 cyTka yTranjga 0eToH Tajnad KWJIMHTaH
Japakagard MYCTaxKaMmJIMKKa, SbHU O€NTHIaHTaH MYyCTaxKaMJIMKKa SPUIIMIIHIIN
703UM. beTOHHM >XKYHATWIAIWraH Jaapaxaaard MycTaxKamuurua ned OyroM 3aBojJlaH
MCTEHMOJIUUTA KYHATUIAJAUTAH TapakaJaru MyCTaxKaMINKKa alTHIIa Iu.

VTyBuaH MycTaxkaMiIHK OJJIMHAAH 3yPHKTHPHITAH OyloMiIap ydyH OelruiIaHamy
Ba apMaTypaHUHT OJAMHIAH TOPTUJIMINMHU YHTa YTKa3uIl BakKTuaa 3apyp Oymamuran
6ETOH MyCTAXKAMJIMTMHM OCNTHMIaimyu. YTyBUaH Ba JKYHATHIAIUTAaH MYyCTaXKaMIIMK
MyailsiH OuMp MaxCyJoT TypU Y4yH OelrujaHraH TeXHUK IIapTiaap OuiaH TapTuOra
conuHaau. bab3u Xomnapaa KyHaTUIaAUraH MyCTaXKaMJIMK UCTEbMOIUN Ba JIOMMXAuu
TAIIKUJIOT OWJIaH KeJIUIIUIIAIH.

Konunpan yukapuil MycTaxKaMiIMK, OETOHHM KOJIMIIJAH YHKapHUIl MYyMKHUH
OynraH Ba 3aBOJl MUMAa XaBPCU3 TPAHCIIOPTUPOBKA KUJIHMII MyMKHH OYJITaH MUHUMAIT
MyCTaxKaMJIMKHU Ha3ap/a TyTaiau. Y Tal€piaoBuu KOpXOHAa TOMOHUAAH OeNTUIIaHaIu.

M 150 Ba yHJaH IOKOpU MapKaJIld €HTUJI Ba OFUp OETOH/IAH Tal€piaHTan OyromMiap
YUyH KYHaTuiaauran mycraxkamiuk 50 ¢ousnan roxopu 0ynumm, M100 apkanu orup
Ba EHrujl OCTOHJaH Tai€piaHraH Oyromiap y4yH sca MyBoduk paBumiga 70 Ba 80
dhouznan kam OYIMaCIUTH Kepak.

beroHHMHT HacTnabKu MyCTaXKaMJIUTUTA SPHUIIUIINATA YHEPTHs TABCUPHHN KaH1al
u3oxJam MyMKUH? BeToH Ba TeMHpOETOHAaH MaxCyJIoOT UIUIA0 YMKAPHILIAru SHEPTUs
cappu MuKIOpu HuUManapra Oornuk? beroH Ba TemMupOeTOHIaH MaxcysloT HILIa0
YHKApHIIIA SHEPTUSHU KaHal ycyuiap EpaaMuaa UKTUCO KWIAI MyMKHH?
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Moving a Reinforced-Concrete Building: Case Study

Dory Telem'; Aviad Shapira, M.ASCE®; Yizhak D. Goren®: and Chlf J. Schexnayder, FASCGE®

Abstract: The project management team dinescting the construction of o concnete building learmed during the kst stages of construction
thal the buikling encroached by 190 cm inko the permil specified setback. This case study discusses bow the Internet wis used o aid the

contrictor in aldressing the problem and the particular solutin adopted for moving the buikling, The seps tken by the project
management beam from the moment the problem was disoovered through mewing the building b its correct ocation are described.
Practitieners can learm much from the creative approach used by this project team 1o find a solution to the challenges of such o unigue

problem.
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CE Datsbase subject headings: Concrete structures; Conerete construction; Data collection; Tntermet; Belocation: Case reparts.

Introduction

In March 200, Ghisra Mehler Building Works Lid. {Mehler
200 b began constroction of the official residence for the Tapunese
ambassador 0 Isruel. This company, which specializes in con-
struction of luxury homes and commeercial and public buildings in
Israel, has aver Mb vears of diverse project experience. This was a
very prestigious and high profile project in Herzliya Pituah, a city
locuted just north of Tel-Aviv on the Medilerranean coast. The
Japunese, after reguesting o limited number of preselected con-
tractors to present pertfolios of their work, allow only approved
contractors 1o submit competitive bils for the contract, Ghira
Mehler submitted the kw bid and a contract was awanded without
any further negoliations.

Even thaugh this was a residence, the structurad frame of the
building was reinforced conerete—heavily reinforced concrele
hecause it conformedd 1o the Japanese earthgquake stanchrds. Until
August Z0HEY the project was progressing according fo schedule
and within budget. Al that Lime, however, the surveyor, who was
Taying st the location of an additional small structune on the site,
discoversd that the positioning of the residence did mst conform
i the building permits, The building as constructed was 19 cm
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ler the east of its comect location and it protruded by that distance
imtar the required and conraciually specified sethack space.

Striving 0 serve the clienl, the project management feam de-
cided b postpone the inger pointing and 1o focus on meeting the
challemge of positioning the structure correctly. This paper fo-
cuses on the creative and professional manner in which a proce-
dure for moving the building was decided upon and how he
building was muoved.

Moving Heavy Structures

There are three main reasons why buildings are moved: {11 for
preservalione—for example, Cape Hatberas Lighthouse | Cape Hat-
leras Lighthouse 2001; Lighthowse 1993} {2} when for consinac.
tien, site, or schedule reasons the structure s assembled in a
specific kation and then moved to il final locatsm—for ex-
ample, Coleman Bridge {Esking 1997); or (3) t cormect a mistake,
as presented in this cuse.

Because of the unigueness of mast heavy moving operatims,
the equipment regquired for these underakings is in most cases
designed for the specific aperation by the company in charge of
excculing the move, It is possible o fnd o wide variety of equip-
ment combinations, such as hydraolic jacks, wheeled/'crawler/rail-
mounied carmiages, shoring syslems made of imberfsieel, and
lemparary reinfrced-concrete supports used e accomplish these
types of projects. In the majority of cases, regardless of the spe-
cific means wsel, the structure is firs lifted and anly then is i
moved or ransported (Kennedy and Kennedy 2003; Koster 2003;
Xu 2001; Anders 2008y Hunt ZIMEE Phillips 2000; Powell 1999,
Afer it is ransperted fo the desired location it is lowered onto a
newly prepared foundation.

The operation presented bere is unigue as compared 1o siher
reporled cases in that the building, i spile of #s considerable
weight, was moved withoat being lifled.

The Buliding

At the time the location error wis detecled, construction of the
building's reinforced-concrele frame was almast complete. All of
the reinforced conerete floors and walls had been cast: the only
remaining strwctural work was that of casting the roof (Fig. 1)
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Fig. 1. Stz of building before move

The building rests on o mixed sand and clay-sand soil. which
is the matural sodl found at the buikding site. After excavation (o
the reguired founsdation elevation these natural soils wene com-
pactied e QE% AASHTO T-180 { AASHTO 1990 using o smosth
drum steel-wheel reller. Upon this compacted material is o 45-
cm-thick reinforced-concrete rafl foundaton, The raft foundation
and the structure were designed 1o the Japanese carthgquake stan-
dard. The wee of a rall foundation and the design dgandard were
specified by the Japanese to their lsraeli design team.

One meter above the 820 m? raft foundation is a second slab.
This second slab is 20 cm thick and approximately S m® in
arcit. The purpose of this second slab is o create what is referred
o as a technical area, Within this technical area, which is sand-
wiched between the two slabs, are the building™s plumbing,
HVAC, and electrical systems. While 1 m does not provide stand-
ing room it does allow easy access (o all systems. Eising above
the technical-ares-covering slib ane a basement of 615 m’, a
ground floor of 625 m*, and a second Moo of 550 m®. The ground
and second Hoor slabs each have a thickness of 20 cm, The waal
building enclosure is 2,600 m® (1,800 m® for living and the
R0 m? technicul Aoor),

Seeking a Solution

Adter recovering from the shock of discovering the prohlem the
contractor began 0 seek selutions. The architect first proposed
cutting off the protruding 190 cm that extended into the setback
wine andl alkling Aoor space o the opposite side of the building, A
new foor plan was developed by the archilect and presented o
the owner. The owner, however, was md receptive o this idea and
clearly stated thal the “contract specified residence™ was what
must be provided.

The contractor then conceived the ides of lifting the building
with cranes and moving it as necessary. A calculation of the build-
img weight {concrete and steel in the structure) at that point in
construction revealed that the crane would have 1o Lift approxi-
malely 4, B wong, This weight made lifting impessible as a crane
of such capability was not available aml even if such a large crane
wis located there was insufficient space adjacent o the building
far positicning such a monster machine, A Demag CC 12,600,
ane of the largest capacity oommercial crunes available, is only
ratedl al LG wons (at a radivs of 12 m) and the widih from
aulside edge of crawler 1o owlside edge of crawker For this ma-
chine 15 12.2 m. After one maonth of shut down there was no
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viahle plan as to how 1o proceed. But the contractor sill believed
that meving the siructure might be possible. The one positive nde
during this perid was that the structural engineer held 1o the
philosophy that every member of the project leam needed to be
commitled o selving the prehlem.

The contractor recognized that be lacked knowledge abow
moving such o heavy structure and was now fully cognizant of the
necessity for obtaining expert advice on how o proceed. After
lindling thal expersence with maving such a heavy building was
nat availuble in lsrael, the contractor was not sure as o bow 0
lacate such knowledge internationally. At this poand the architect
mentioned to the contractor that an Internel search might produce
results

Website

With the wlea that a website woubd serve as o means for oblaining
expert assistanoe, the contrackor twrned to an information technol-
agy consultant. This was one of the most significant steps laken
by the project team, Thoaugh this consultant had never developed
a wehsite For a construction company, he dkl have expenence
leading the development of pioneering Internel projects. The con-
sullant crafted a website (no Jonger active) thut supplied all of the
impartant project informatien amd explained what had we be ac-
complished. A descriptive wrilenp., sketches, measurements, (he
culeulated buikling weight. and project pictures were posted on
the website. Initially the contractor instructed this consullant 1o
concendrate on expertise located in North America.

Daita mining

Using duta mining toels, the consultant ilentified and created o
dala base of companies in North America involved in moving
buildings ar supplying equipment for moving buiklings. To each
af these companies an email was sent which sought 1w verily the
contuct information and 1o obtain an initial indication of interest.
A wecond email was sent b those companies that expressed an
imterest in the work. This second email provided a link 1o the
praect wehsile and specifically requested submission of propuosed
methards for moving the siructare.

The creation of this wehsite specifically designed for seeking
solutions to the problem of moving such a heavy concrele stroc-
ture together with the data mining search that idemified compa-
nies with the reguired expertise proved a success, Four days after
launching the search mawe then B serious responses were re-
cetved from Morth Amenca. This groap of responses supplied the
contractor with o valuable overview of the principal methods wsed
for moving heavy structures. Some of the suggesied methods
were maled oul immediately becanse their application was limited
o smaller amd lighter stroctures. They were viable methods for
moving worslen houses weighing up b LN ton bul s really
applicable o the beavy concrele structure that was the immediate
pradhlem.

The contractor then directed the information lechnobegy oon-
sullant to expand the data mining search 1o Ewrope. Similar
emails, seeking professional services, were sent to Eurgpean com-
panies. After analyzing all of the proposals, it was determined that
the two most experienced companies specializing in providing
eguipment for this unigue undertaking were located in Switzer-
land und Germany.
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Word of Mouth

At this pednt o small demolitien subcontractor wha had often
worked with the building contracior informed the company owner
aboul o company in The Metherlamds that moved large struclures.
Thisz subcontracior knew about the company because he often
purchased wused equipment from them and whille in their vard in
Relgivm had seen some of their equipment for moving large
structures. Therefone, on the advice of his friend the contractor
contacted this third company.

Selecting a Meathod

Specialists from these three companies were invited individually
o Tsrael 1o wisil the construction sie and b conduct their own
investigation of conditivns. The centractor paid for their travel
and provided the visitors with all relevant data,

Opinlons

The first indliviclual we visit the project was from the Swiss com-
pany. Afer spending about two howrs inspecting the work and the
sile, this specialist announced that he hod come with a precon-
ceived plan 1w Lift und move, but had now changed his mind and
proposed that the builfing be pushed inbo the proper location.
This was the Arst time anyone suggested pushing or jacking the
huilding. This method is sometimes referred o as propulsion.
This engineer concluded that lifting the building wus nol reguined.
By applying a large horizontal foree, greater than the static fric-
tin between the rafl foundation and the sudace below it, he
heliewed that the building could be slid imo its new proper
position.

A represeniative from the company in The Netherlands was
the second specialist b wisit the project ARer compleling the
inspection be anndunced that be was satislied they could move
the buikling. When asked how he proposed to proceed he said
“lift und move.” Al that point the contractor asked if jacking the
huilding was possible. This specialist immediately replied in the
positive o the jacking suggestion.

A prodessor representing the German company was the last o
visit the site. He proposesd o plun of lifting the building on inflated
pillows amd using a track system bo skid the building inlo its
correct locatien. This methsd of moving structuwres had been suc-
cosfully implemented several times in different locations around
the world and did notl involve a large risk. Again the contractor
inguired as o whether the specialist thought the building could be
pushed without lifting. This specialist immediately saxl “no.” He
went on W explain that by pushing vou would cause the entire
huilding to shift "out of balance™ amd it would develop cracks and
possihly fracture.

The contractor realized that lifing and skklding the building
would be wery costly as one of the early responses from a mover
in the United Stabes had stated, “Our useal solution is o jack the
peece after installation of a suppording frame, and then o skid it
on a truck with skid shoes. We dicd this two bmes recently with
pieces aver 4,000 wns, bul the cost was wery expensive lover 1
million U5 )" Mevertheless, the contractor requested that each
of the three companies submit a formal proposal for accomplish-
ing the move. Tt was requested that the propesal include a general
description of the plunned methad and a cost estimaile.

Bath the Swiss amd Dulch companies proposed jocking. The
Germany firm submitted a propesal o §ift and skid which was
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almuopst eight times more expensive thun jacking. Additionally, the
German firm submitled a very detailed engineering report dis-
cussing how the building would react o jacking. This report
caused the contraclor gruve concern, as il ooncluded that the task
could not he achieved by applying the propulsion method. It pre-
dicted thai the horizontal force would capse the buikling o crack
anal eventually to collapse,

Decislon—A4a Partner

Research by the contractor revealed that up to that podnt in lime,
the propulsisn method had never been executed on a reinforced-
concrete simicture of this sxe. In executing this picneering 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 compuny 10 execuie the move.

Given its megative apinion on the application of the propulsien
methirl, the German company wis eliminated from consideration,
The dilemma of choasing between the Dutch and the Swiss com-
panies was hard. They hoth had demonstrabed expersence with
specitlied projects ansd lefl a strong professional impression an
the contractor. The fee stipulated by the two companies For their
services was almast identical.

The deciding selection faclor was “altilmde” toward the work,
Whereas the Swiss company demanded that i the case of a
Failure, it would sl be puid half the fee, the Dutch engineers
were nol willing to regard failure as an option, and consequently
stafed that if the operation were not seccessful, they would nst
receive o fee, The comracler el strongly about this attitude
determination W succeed and willingness (o share the risk. This
attitude convinced the Ghiorn Mehler Company that the Duich
engineers wene the pariners they wianled for this challenging
wiwk. Risk sharmng strengthened the need for the two companies
o work as one unit. Hence the Dutch company, Mammaet (2004),
was given the project and o conlract was execubed.

Planning

Once the method and equipment were selected, detailed planning
bepan. During this planning stage {1} the resisting foeces were
culculated and verfed in the labortory; (2] a jack suppsn neac-
tion system was designed: |33 the necessary strengthening of the
simacture  wias  investigated: and (4] work  aclivities  were
scheduled.

Resiating Force

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

. Foundation material: A compacted natural sand, %¥8% modi-
fhed (AASHTOY T- 150-5k,

Leveling mat. The structure has a T-cm-thick lean concrete
leveling mal that was placed on the compacted sand. This
concrele had o design sirength of 20 MPa.

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

(=]

miterial (chemifren) had been applied to the wp of the lev-
elimg mat.

4. Bimmineus sheets. A layer of 3-mm-thick bituminous mate-
rial separated the seal coat from the raft foundation slib.

5. Raft foundation slab, A 43-cm-thick concrete slub having top
andd bottom mats of welded wine fabric reinforcement. The
reinfircing wire was 12 mm in dizmeter, spaced [0 cm cen-

JOUAMAL OF COMSTRUCTION ENGINEERING AMD MANAGEMENT & ABCE ! FEBRUARY 200& 5 117

71



fer o center. The desipn sirength of the concrete was 30
MPa. This was the structure’s primary foundation element.

Becuuse the foundation system was composed of muliple Lay-
ers, caleulations and theoretic analysis were ool deemed adequate
for defining the frictien forces or predicting the slikling perfor-
mance. Therefore o determine the driving Force required 1o slide
thee structune, the contractor contacted the Technion™s (Tsrel Insis-
tule of Technalogy ] Building and Infrastructure Testing Labora-
tory and o lesting progrum was agresd upon and cenducted. Using
soil sumpling obtumed from the building’s foundation, measune-
meenls were made of dry density and moisture content. Addition-
ally, direcl shear tests using the wsual apparatus and direcl shear
fesls using a deable shear box apparatus were carmed oat. The
concrele raft {design strength of 30 MPa) and the bilumen sheet
were also modeled. Bitumen sheets were supplied by the contrc-
tor. All of the fesls were carmed oot according to ASTM
stanalards.

The dry density and moisiure content were measured 2t the
sile wsing a nuclear pauge {Standards Institwtion of kel 1967}
The tests were conducked at three different points around the
huilding. The consoliduted draimed direct shear tests on coms
picied sand samples were conducted 1o obtain a value for the

anghe of intermal friction [p) of the wnd. Test specimens were of

633 cm diumeter by 2.54 em height.

Twar sets of direct shear lests were performed wusing double
shear box apparatus. The instrument consisted of three cells. Iis
dimensions are M) cm (length), M em (width), aml 7.5 cm
{height]. The tests were done in order (o obtain the value of fric-
tion (resislance (o shear) between the sand and lean concrete and
hetween the concrete rft and the bitumen sheets.

In the first set of shear wests sund material was compacted in
the upper and lower cells, while the conerete plate was inserted 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
concrele plate—in the middle cell.

From the laboratory resulls, it was concluded that the horizon.
tul force regquired for pushing the 4.800-1en structure would be
something greater then 2000 EN. The laboratory nesulis ineds-
catedl that the movement of the building would ke place be-
tween the boliom of the 45-cme-rafi foundation slab and the kean
conecrele leveling mat. The bituminaas Layers, placed between the
founaation slab and the lean conerete leveling mat, would provide
a “relatively smooth™ surface upon which the building weould
sllide.

It was realized, however, that for the fist push it would be
necessury b overcome the static frictional forces caused by the
inderlocking irregularities of the foundation slab and the lean con-
crele slab but the coeflicient of siatic friction delies precise pre-
diction. I was expected that the foundation slab conformed to any
raughness or even possbly indernal areas having a slight ope
that occurmed in the supporting lean concrete slab and these would
comtribube Lo static friction,

Therefone, after studying the lubortory findings and consult-
ing with the Dutch firm, it was decided 1o use six hydraolic jacks.
Each jock was rated 2t o maximum force of 7,00k kN. The poten-
tial propelling force of the six jucks 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 approgriate manner
of positioning the jacks along the eastern face of the building.
This wus when the cosperation of the stroctural engineer came
into play. Literally working day and night he analyred the effect
of juck plucement schemes on the structure. Five different
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schemes {plans) were pussed buck and forth by email between the
contructor and the Dutch firm. T the condractor’s advantape wax
the fact that the building had been designed o a very strict carth-
quake cnde.

Twar ulternatives were identified for further examination {Figs.
2 and 3). The cross hatched areas in Figs. 2 and 3 indicate new
concrete additions e the ralt founcation that were 10 bz cast o
strengthen the struclure. These two altermatives were identical in
terms of the force distribution relative o the strocture™s center of
pravity; Albermative 11 (Fig. 3), however, required less strengthen-
ing of the sgructure, and was therefore chasen.

Reaction Sysfem

Having addressed the question of force application, the contracior
with the help of the structural and gestechnical engineers ap-
proached the problem of kow 1o absach the reaction forces. 1t wax
crucial o distribute these forces ina manner that woukl prevent
them from causing damage te the area surrounding the structure
amdl particulardy to o nearby streel with haried utilities which were
anly B m from the building.

The decision was made (0 construct a reinforeed-concrete re-
lzining wall on the eastern face of the site (Fig. 4). The struclural
engineer continued 1o do veoman service, with no additional com-
pensution. by developing the necessary construction drawing so
wirk could proceed. These were not nice clean plan sheels but
what he provided the contractor (Figs. 4 amd 5) contained he
infarmation required for the reaction syslem o be construcied
within the scheduled time frame. This wall would receive and
distribute the reaction force from the jacks. The retaining wall
was @ system of 29 vertical piers each 90 cm in diameter and
12 m in lemgth {Fig. 5k

Each pier was designed to absorb a maximum Joad of 2,0
kM. The piers wene connecbed ot their tops and at the rfl foun-
dation level by horizontal concrele beams. The lower beam, cast
al the raft level, served as a bumper onto which the jacks wene
altached. The design strenpth for the concrele in the piers and the
upper beam was 30 MPa. The concrele in the foundation level
beam had 40 MPua design strengih. The upper beam served two
purposes: (1) 1o tie the piers tegether, and (2] W provide the
necesary downwand force [weighth o the wall.

Strengthening the Structure

Il wis mecessary (o execute several structural adjustments 1o (he
structure s thal the propelling forces from the jucks could act
through the ruft foundation without causing damage 1o the build-
ing. After consultaticn with the siruclural engineer, it was decided
1o cast complementary additions o the il foundation so that it
wiikl have a trapezoid shape (Fig. 6l

A [0-cm-thick leveling mat 190 cm in width was consirucied
acrass the full 35 m of the wesdt side of the buikling 10 provide a
continuous sliding surface during the push {2s noled in Fig. 7.
activity 10, “Casling a slab under the pergela”).

Schedule

The time necessary for shipping the equipment to lsnel and plac-
ing it om site was fixed. There was nothing that the contracior
could do te accelerate this Lime duration. Therefore, 1L was de-
cided that this transport fix durmtion woukd be the critical path for
all of the one-site activities that had @ be accomplished before
jacking coukl proceed (Fig. Ti. While the equipment was being

118 / JOUAMAL OF CONSTRUCTION ENGINEERING AMD MANAGEMENT & AECE / FEBRUARY 2006

72



BberoH Ba TeMUpP-0ETOH TEXHOJIOTUSIIAPH

]
5 cm LEVELIRG COME.
1T T
r f,..-—r.-mﬂ“rm-—” -
g i & : Tr_.n-u
T
S i . ‘._.H:I
i o
| T I b -'.;':

b ] !
e | oo fosh cumara -
AR i

i Ed_ﬂ ‘

Fig. 2. Alternotive | positioning of bydraolic jacks

prepared in The Netherlands 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 easten side
of the builfing.

= Constructing the upper concrete beam.,

* Excavating, afler the wopper beum had goined 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 be-
tween the piers in order b prevent the expossd soil, between
the piers, from collapsing.

* Excavating material from the south, wesl, and north sides of
the building, to create a space for the building's mavemenit.

= Cutting and clearing the dint under a wall bordering un ouldopr
pergola, which was originally built lower than the planned
sliding surface.

Casting lditions 1o the raft foundation.

= Casting a slab under the pergola und extension of the leveling
mil on the wesl side of the building.

The time from the end of concrele placement o the actual

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

Execution of the Move

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

T monitor the building for cracking the Japanese sent their
awn leam of building inspectors from Japan. This beam gloed thin
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Fig. 3. Aliernative Il positiening of hydraslic jacks

strips of paper acrss the meeting edges of walls, ceilings and
wills, and floors and walls W detect any displacements of the
structural frame during the mowve.

A criticul requirement for achieving suocess was that the «x
jucks of the jacking system all worked as a single-force-
generaling unik. This was accomplished by the use of a compat-
erized conlred unil. This control unit regulated the force applied
by the individual jacks. The contrel unil alse permitied the ma-
mipulation of the direction amd the velocity of the building’s
marvement. The contractor had o surveyor o continually check
elevation and horizontal position as the jacking progressed.

The plan was that the jacking woukl be camried ou in four
stages with the bailding moving approximately 50 cm with each
push. The stroke (piston lengthh of the jacks prescribed the push
distance that could be accomplished at one time. Afler each slage,
the jucks were chsed back 1o their orginal length. This stage
process permitted corrective steering of the building.

Aegquired Force

At 5 aume., after a final inspection of the jucks and the application
af oil b the new leveling concrete on the west side, the pushing
operation began, Though the effect of satic friction had been
consklered when the decision was made concemning tistal jucking
force necessary {this was why the jacks had the capability o
develap 42000 kM|, to the concern of all the structure did not
move a the applied jacking force steadily imcreased past firs
0000 kN amd then 35,0000 kM. The jacking force had o be
increased 1o nearly 40,000 kN before initial moton of the build-
ing was achieved. Once motion began, the reguired jacking force
dropped o abowt 25,000 kN, 3000 kM below the Laboratory pre-
dicted valwe. At the beginning of each push there was again the
necessity o overcome satic friction but never again was a force
approaching 40UKI0 kKN reguired.

The actual jacking time for each push was 200 min. As the jacks
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Fig. 4. Design skeweh system of reinforced concrete piers

marvied with the structure the gup that opened between the piers
and the jucks with each push was filled with timber beams. The
bheech wood beams were 10 cm by 10 cm and cut in 1 meler
lengths specially prepared for this purpose {Fig. 9h.

Problem

With the first push the foundation slab of the buikling moved
forward onto the new 10 cm leveling mat. Howewver, as the push
continued, something unexpected happened: the oiled leveling
mal addition, which was constructed o okl the sliding of the
building slab, was shoved forward Like a plate. It appeared that
the leveling mal began to act as a blade pushing a wave of foun-
dation soil akead of itsell and together the leveling mat und build-
ing slab began to ride up on this wedge of soil. At the end of the
first push the surveyor confirmed the beading edge of the building
slab was approximately 2.5 em high. The decision was immedi-
ately made i jack hammer and remove the 10 cm leveling mat. A
labor crew wis assembled b lackle this work while o second crew
worked at installing the necessary limber eribbing between the
lower beam of the reaction wall and the now retructed jacks.

The cribbing crew installed the Gve allernating layers (one
vericul then pne horizontal) of cribbing in aboat 1.5 b In this
same time period the labor crew remaved all of the leveling con-
crebe that was in front of the foundation slab and leveled the area.
Once thes activities were completed the sscond push began.
When the jacks reached the emd of this 50 cm push the surveyor
confirmed that the leading edge of the foundation slab had come
hack almast 1o the proper elevation.

Verification

Apain there was a 1.5 b stop 1o close the jocks and install addi-
tivnal cribbing. After the third push was completed the foundation
was once more level and resting at the proper elevation. Afier 8 h
the founth push had been completed and the building moved 1he
required 190 cm west. To conlirm that the building was properly
positioned, a final survey was performed. Afer reviewing the
survey resulls by werify that there were no vertscal or horizonial
deviativns and after the Japanese team verified that there was no
simactural damage. success was announced.

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

Succesful Project

The work of actually constructing the building had been delayed
three months by this positioning problem. The first moath of the
delay was spent recovering from shock, seeking authorily Lo re-
quest o permil varianee, and developing proposls o modify the
structure, Meither the varance nor the modification idea was ac-
ceplable e the owner. Therefone a second month was spent de-
veloping a process for moving the building. Once the jocking
miethad was decided upon, a third month was required for ship-
ping the equipment from The MWetherlands and completing the
construction of the force resisting wall amd structural strengthen-
ing of the building.
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Fig. 6. Castimg additions o roft foundation

In spite of this delay the contractor completed the project one
month ahead of schedule aml the residence (Fig, 10) was then
accepled by the owner.

Conclusion

The repusitioning of the building was a difficult underiaking. Suc-

cess was the product of several factors:

= Fulfilling the client’s neesds: The contrackr wisely decided that
when the problem was first discowvered the most appropriote
action was to concentraie on finding the solution that would
best serve the client. The client wanted the building positioned
precisely according 1 the original plans and that was exactly
what was delivered.
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Fig. 7. Schedule of maving eperaticns
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Fig. 10. Completed hailding

Fig. 8. Flacemem of hydroulic jacks

= Gathering knowledge: The contractor recognized his limita
tions in relation W maving heavy structures and  therefore
lzunched am Internet site 10 sk solutions o the problem. The
Internet sile allowed the conlrackr fo gather vilal information
from professionals around the globe very guickly.

= Analyvzing engineering purameters: The contractor sought o
reduce risk and reduce uncertzinty during the planning stage of
the operation. To do this expert engincering support was
sought from experts ot a research laboralory. A struchural
model wis used o verify analytical calculations. Bused on the
modeling and the calculations the constructor reduced the risk
by propedy prstecting the structure and §ts surrosndings.

= Selecting committed partner: The persaons invedved in this op
eratiom demonsirded full commitment 1o the project-—a faclor
that proved vital for achieving project success. Even when one
specialist ventured a pessimistic opinion, the leam continued
o seek wodutions. The selected partner stated that failere was
i an option, and accepted the project risk.

= Dewziled planning: A proper level of detailed planning was
required 10 make the operution successful. This included such
items ax the appropriste jacking system and reaction absorp
tion system. site logistics. and equipment handling, amd the
construction schedule for this operation. Everything had o be
plinned in detail w0 ensure success, which was acoomplished
in this effor.
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VI. IJIOCCAPU

Tepmun

V36ex THanara HapxXu

Hnraus TWIRAArA IIapxXu

Aemobemonkopzuy

nraccucura OeTOHKOpruy
YypHaTuiaTaH OE€TOH Taiéprnaim Ba
YHH >KOMJIaI KONHUra Taluil,
IIYHUHTACK OSTOH 3aBOUIaH
HUCTEBMOJTYUTA TAUEP OETOHHHU
eTka3u0 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, n1om. clavis - karum) —
I0OKOpHU O0CUM ocThaa
(>kapaéHnapHH TE€3JIUTUHU
OLLIMPHII YYyH) KU3AUPUO
¢bu3uKaBUN-KUMEBUI
)Kapa&HIapHU amalra OIIHUPHUII
YV4yH TePMETHK EMHK armapaT

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

Aemoxnae
Mamepuannapu

— CHJIMKAT OOFIOBYMIAp (0XaK,
IIEMEHT Ba YJIApPHUHT
apanamimManapu) Ba aHOPTaHUK
Tynauprudiap (acocaH Ky,
IIJIaK Ba KyJ) aCOCHJIaTH
IOKOpHXapopar Ba 60cuM
TabCUPUJIA KOTAIUTAH KYPHIIUIIT
MaTepuaiapu Ba OyroMiIapH.
Talé€pnam BaKTUIa TYHUHIaH
Oyr Omnan OyFnal, 8-16 coar
JTABOMH/I2 UCCHK-HAM HUIIUIOBU
o6epunaau. by marepuammapra
CUJIMKAT FUIIT, CEPFOAK
OeTOoHJIap MHUCOJI OYJ1a oJiajIu.

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

Atinauma neup

ETHK ITAHIP TAKTHIATH
(mymaiokx) caHoat mevwu.
Aiinanma rieus Oyitiama YKu
aTpodua aiinaHaau EKu
TeOpanaau. MetaapHu
CYIOKJIAHTHPHIII, MAaTePUAIUTAPHU

A rotary Kiln is a pyroprocessing device
used to raise materials to a high
temperature (calcination) in a continuous
process. Materials produced using rotary
kilns include:
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KYpHTHII, OoNFaman €Ku
MITaMIUIAII Y9YH METAJIT XOM
alEHN KU3IUPUIL, METAJLIT
Oyromitapra UCCUKJIUK HIILJIOBU
Oepwil, IEMEHT MUIIKUPULI Ba 0.
Makcajyiap yayH MyJDKaJUIaHTaH.
[TeyHuHr aitiaHuO TypuLIn
HaTWKACHa UCCUKIIUK OUp
TEKHUC TAaKCUMJIAHAIU, IITyHHHT
Y4YH MTEYHUHT WYKH KOTIJIaMach
Y30KKa Ydainau. Aiimanma neyaa
Matepuaj ki Oyromiiap
SHUJIFUHUHT EHUII
MaxCyJIOTJIApH, JICKTP TOKH EKU
NMEeKTp €l OMIIaH KU3IUPUIIaIH.
Kypurtuin Ba HCCUKIIMK UIIUIOBU
Oepull (TEpMUK HILLIALI)AA
Marepua IeYHUHT OUp
OormmIaH KHPUTHINO, MKKUHYN
Oommaan ynKapuiaaau; OyHnaai
newiap y3i1yKCU3 UIIaIIn
MYMKUH.

¢ Cement

e Lime

o Refractories

o Metakaolin

¢ Titanium dioxide
e Alumina

¢ Vermiculite

e Iron ore pellets

Apmamypa

(J10T. armatura — KypoJi-sipof,
YCKYHa, &KHUX03)— Oy aeTas €ku
yCKyHasap Hurumu 0ynuo,
MallliHa, KOHCTPYKLUA EKU
MHIIIOOTHHUHT aCOCUN KUCMH
Oynmaii TypuO, ylnapHUHT TYFpU
UIIJTAIIMHA TAbMUHIA0 Oepaju.
Temup-6eronna apmarypaaan
KOHCTPYKLUSHYU 3THIIUINTA XN
UIUIANIM Y9yH QolJanaHuIaam.

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

apMmarypa cTepKeHJIapuIaH
sicaJiraH KapKac.

reinforcing cage

Apmamypanaw

MaTtepuan €Ku KOHCTPYKIUSHU
0o0IIIKa MyCTaxKaMpOK
MaTepuaniap Ounan
KyWIAHTHPHUILIL.

Reinforcement

Apmamypanu
anKepaawi 30Hacu

TapaHIVIAIITUPUIAAUTaH
apMaTypaHUHT Y3YHJIUTH YHU
MaxKamJjaml y4yH eTapiu Oyiran
OXUPHUTHU y4JIapu 30HACH.

rebar reinforcement zone

beaum

MKKU KaJIbLIMAIIN CUJITMKATIaru
TYpJIY DJIEMEHTIAp KATTHK
SPUTMATAPUHUHT
YMYMIIAIITAPUITAH HOMHU.
[TopTinanaueMeHT KIMHKEPUHUHT

UKKWHYY aCOCUU

Belite is an industrial mineral important
in Portland cement manufacture. Its
main constituent is dicalcium silicate,
CaySi104, sometimes formulated as 2
CaO - SiO; (C2S in cement chemist
notation).

80


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
https://en.wikipedia.org/wiki/Cement_chemist_notation
https://en.wikipedia.org/wiki/Cement_chemist_notation

beron Ba TeMup-0€TOH TEXHOJIOTHUsIIApU

MUHepaJIapuiad OUpUIup -
2Ca0-Si0; (C2S). V anmutnan
nacTiaadKky KyHJIapJa CeKUH
KOTHUIIM OwIIaH (hapKiiaHau.
YHUHT acOCHI MyCTaXKaMITUTH
Oup ¥ui atpoduaa TYIIaHAIH.
By MycTraxxaMIMK amTuTHUHT
MYCTaXKaMJIUTUTa SKUH.

bemon

MabJIyM MHUKIOpAA Yirdad
OJIMHraH OOFJIOBYM MOJIA,
MaiiJla Ba HHPUK TYJIAUPFUYIIAp
Ba CYB apajalliMacUAaH TallKWI
TONTaH KOPUIIMAHUHT acTa-
CEKUH KOTHILIN HaTHXacuia
xocua Oynrad cyHbui Tom. Y
CyB OmiiaH OOFJIIOBYMHU
peaKIusicl HaTHXacuaa
OOFJIOBYM MOJJIAHUHT
3appaydajiapuiaH, SHIM XOCUII
Oyiran MUHepasuiap/iaH,
TYIAMpFUYIapaH, CyB, 6ab3u
BaKTJIApJa KYLIWJITaH
KYIIUMYaJaH, KHPUTUITaH
XaBoJlaH udopar oynaran
Mypakkad Ky KOMIIOHEHTJIA
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 3ae00u

Ooup €xu OUp Heua KypUIIUII
MaiIOHJIApUra XU3MaT KWIYyBUH
Ba OETOH KOpHUIIMACH EKH KYyPYK
0ETOH KOpUIIMAacUHHU Talépant
YU4YH BaKTUHYAIUK EKA JTOUMUI

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

SIHTHY Tali€piianrad OeTOoH
KOPUIIMACHHU KYBYpJap OpKalu
€TKU3UII J)KOWUTa €TKa3u0 OepwuI

YUyH IUTyHKEpJIN (TIOPILEHIIN)
HACOCJIM MallluHa.

A concrete pump is a machine used for
transferring liquid concrete by pumping.
There are two types of concrete pumps.
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T'uopasnux
0o2noeuu
Moooanap

XaM XaBojla XaM CyBJia KOTHO 3
MYCTaxXKaMJIUTHHU XaBOJIa XaM
cyBaa xaM (CyBJa SIXIIHUPOK)
omupud 6opaau.

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

Tuopamayusn

MUHepal OOFIOBYMHUHT, MUCOIT
YUyH LIEMEHTHUHT CYB OMJIaH
¥3ap0O TabCUPUHUHT LIEMEHT
TOIIMHUHT XOCHJI OYIHIIN
JKapa€Huamp.

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

I'panynomempusn
(Oonaoopauk
mapxkuou)

TYIIUPTrUY JOHATAPUHUHT
WHPUKIINTH Ba YHJAru
anoxuaaru ppakmusiap
MUKJIOPUHU XHCOOTa OJTyBYU
XYCYCHSIT.

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

Jlonaoop oomna
winazu

METaJTyprusi CAHOATUHUHT
YUKUHANCHIUP. MeTain onumaa
JIOMHA KO30HU CUPTUTa
KYyTapuJIraH dpUTMaHU Te3
cypbatrjia COByTUO HHPUK KyM
CUHI'apH FOBAK JOHAJIapJaH
Tamkui tonrat (5-10 Mm) nuiak
OJIMHA/IH.

Ground-granulated blast-furnace
slag (GGBS or GGBFY) 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.

Huema memup-
boemon

3aBOJI1a Tal€pIaHTraH TEMUP-
0€TOH KOHCTPYKIIHsIIAP.

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

cured in a controlled environment,

transported to the construction site and
lifted into place. In contrast,standard
concrete is poured into site-specific

forms and cured on site. Precast stone is

distinguished from precast concrete by

using a fine aggregate in the mixture, so

the final product approaches the
appearance of naturally occurring rock
or stone.

Hupux mynoupzuy

nraraj ToII Ba YaKHK TOIII.

Coarse aggregate
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Kepam3zum

KYTI FOBAKJIM, MyCTaxKam, CHIUJI
FoBak Tynauprud. Kepamsur
ONIMIIIa XOM amié cudatuaa

tapkubuaa 6-12% TemMup oKCuaIn

( 1-3% opranuk apanammaap)
OYaraH eHrui1 SpyBYaH JIOU
niatunagd. Ham €xu Hum

KypYyK ycyiaa Tau€piaHraH Jou

1100-1300°C na xymmoonaa 30-
60 MUHYTIa MUITUPUITAIN.
[Tnmmpura xxapa€Huaa Jionaaru
OpraHuK apajammaiap Kyinuo,
KOMIIOHEHTJIAp ypTacuaa

OKCHJIJIAaHUII OOIITaHAIN Ba ra3

axxpana oouutaiiau. Hatrxkana
JIOM KYIUMiiiv Ba yHAa FOBaKJIap
Xocui OYamy.

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 KaJIbIMi CHJIMKATIIAPH,
IIOMHHATIIApU Ba
amoMo(eppHUTIapuIaH TAIKHI
TOITaH, XOM all¢HN TUIITUPUO
OJIMHTaH, MOPTJIAHIIIEMEHT
uniad YuKapui yayH
¢dolimanaHuIaural MaxcysaoT.

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

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

Koncmpykuyus

1. NHIIOOTHUHT aBBa1aH
Ta€pilaHaINTaH Ba
MypakkaOpoK OyTyH (MHILIOOT)
TapkuOuaa 6yryBuM >xoitura
tamub onubd Oopunanuran
KHUCMHU. 2. HHIIOOTHUHT ¥3apo
OOFJIaHTaH MOJAJIUN KUCMJIapUHU
(neBop, ycTyH, mu@T, rym6as
Kalu) uQoaanoByM Kuxar

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, [cition needed] degjon  and
financing and continues until the project
is built and ready for use

Muxkpcmpykmypa

MHUKPOCKOII OpKaJIn
KaTTaJTalITUPWITaHJa Ky3ra
KYpPUHYBYM CTPYKTypara
alTHIaou.

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.l'l The
microstructure of a material (such as
metals,polymers,
ceramics or composites) can strongly
influence physical properties such as

strength, toughness, ductility, hardness,
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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
3YPUKMUPUIZAH
memup-6emon

MaxCyJIOTHHU Tal€piam BaKTHIa
apmarypana €Ki yHUHT MabiIyM
KHCMH/JIa XHUCOO-KHTOOIIAp
acocua apMaTypaHH TapaHriad
JacTIa0Ky 4y3yBUU
3YPUKHUIILUIAPHU XOCHIT KUITHO,
0eToHaa KM YHUHT MabllyM
KACMHJIa CUKUITUIITHE XOCHIT
KUIuO Tall€piiaHraH TeMUp-
0eTOH KOHCTPYKIUSIIAPH,
3JIEMEHTJIapyu Ba OyroMiIapuaup.

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

314 TYIMpyBUMIIapiaH (Maiiia
Ba lupuk) Qoigananuod
Tal€pIIaHraH - TUPUK JOHAIIU
¢xu (pakat maiiga
TYIAupyBUHIaH Goitaananuo
Taii€pilaHarax - Maiiia 3appaid,
1800 nan To 2500 Kr/™*
3UWIMKKA 3Ta OYaran 314
CTPYKTypau 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.

IInacmuknoeuu
Kywiumuanap

XKyJla 03 MUKAOpAa KYIIMIAIINTa
KapaMai ImacTajJapHUHT
XapakaTJaHyBYaHJIUTU

(OKyBUYaHJIH, STXIIIH
YKOWUAITYBYAHIUTH )HU
OIIMPYBYH KyIIUMYasap.

Plasticizers (UK: plasticisers)
or dispersants are additives that increase
the plasticity or fluidity of a material.
The dominant applications are for
plastics, especially polyvinyl
chloride (PVC). The properties of other
materials are also improved when
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blended with plasticizers including
concrete, clays, and related products.
According to 2014 data, the total global
market for plasticizers was 8.4 million
metric tonnes

IHopmaanouemenm

MOPTIIAHALEMEHT KJIMHKEPH Ba
TUIICHU Oupraiukia MaiiuH
TYWMIL HATUKACHU1A OJIMHIaH
KYKYHCUMOH MaTepuaira
aittunanu. Tyiinm naiituna daon
MUHEpal KymuMya €ku 0oIka
KyIIMMYaiap KyIIWIUIIHA
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.

Hopmaanyemenm
KAuHKepu

(30...25 %) runtynpok Ba
(75...80 %) oxaxTour €xu
TaOMMI MEepreaHu KU3AUpUO
OMPHUKTHPUIL HATHXKacKUIa
OJIMHATUTAaH MaxCYJIOT.

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 Taii€piianrad OeToH
apajlaliMacu/a CyB MaCCaCUHUHT
LIEMEHT Maccacura HucoaTu
TYIIYHUJIAIH.

The water—cement ratio is the ratio of

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

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

Workability can be resolved with the use

ofplasticizers or super-plasticizers.

Coeykka
UUOAMIIUTIUK

MaTepHaHU CyBra TYWMHHIaH
XOJIM/1a Kyl MapTa KeTMa-KeT
My3J1aTHO Ba 3pUTHUITAaHAA
Oy3mmb KeTMacaaH Ba
MYCTaXKaMJIUTMHU MYKOTMACIUK
KOOMJIMSATH Ba MyCTaXKaMJIUTH
25%, maccacu 5% J1aH OpTHUK
Kamaitmaca, 0y MaTepuant
COBYKKA 4YnaMiIu 1e0

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

ds primarily on the structure of the mater
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XHUCOOJIaHa . 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.

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.

MabJIyM MaTepHuall €K MabHaBUI
HXTUEKITAPHU KOHAUPHIL
MMKOHHMHU OepyBuH (oiinanu
Cudpam xoccajap MaXmMyu. Y
WUIOHWINWJIMK, Y30K BaKITa
YU JAMITMIIHK, TEKAMIIMINK,
¢oiiganuuk Ba 6. map Omnan
XapaKTepIaHaaH.

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.

CTEPIKEHIIM TEKUC EKU JaBpUU
npodUIIM mynaT apMaTypa;
0ab3u X0oJuIapJa TEPMUK UIILIOB
6epul €xu TopTHO
MyCTaxKaMJIaHTaH.

Cmeporcennu
apmamypa

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 1s usually embedded passively in the
concrete before the concrete sets.

mynaTt apMaTtypa Ba OETOHHHH
Temupoemon OMPHUKTUPHUO ONMHTAH SXJTUT

MaxcCyJoTra alTUIIagu.

rpek Tuianaal (techne) Tapxxuma echnology ("science of craft",
KWJITaHJla CaHbaT, Maxopar, from Greek téyvn, techne, "art, skill,
Texnonozus . . , 13
OWIIMIII MabHOJAPUHA cunning of hand"; and -Aoyia, -logia">)
UHTIaTaau, Oymnap sca ¥3 is the collection of techniques, skills,
HaBOaTua KapaCHIapaup. methods and processes used in the
xapacHnap - 0y Kyiuiran production of goods or servicesor in the
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MaKcaJra SpUILIUII Y9yH MabllyM
Xapakariap MaXMyacUuIup.

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