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|. UIIYU JACTYP

Kupu

Numam  pgactyp onuid Ba ypra Maxcyc TabiuM Myacccacallapd IIeIaror
KaJpJApHUHI KacOMM Tal€prapiiuru JapaxaCuHHU PUBOKIAHTUPHIL, YJIAPHUHT WUIFOP
NeJaroruK  TaxpuoOalapHu  YpraHunuiapy  Xamja  3aMOHaBUM  TabJIUM
TeXHoJIoTHUsUTapuAaH  doWpamanum  OyiiMya  Majaka Ba  KYHHKMaJIapWHU
TaKOMUJUTAIITUPUIITHU MaKCaJ KHJIIH.

Nurgu nactyp Ma3MyHUIa XOPHK TabJIUM TaXpUOacu, pUBOKJIAHTaH JIaBliaTiap/ia
TabJIUM TU3MMHU Ba YHUHT Y3UTa X0C KUXaTiapu EpUTHO OepuiiraH.

Ymby wumum jgactyp O€TOH Ba TeMHpOETOHIAaH (oWgaNaHuIll —KypUIIHII
TEXHOJIOTHSIIAPU COXACKa KYIITMHA I0TyKJIapra SpHUIIKIL Ba 11y OWjiaH Oupra Yuaamiia,
MUIIUK-TTYXTa, yJIKaH, HOJUp OWHO Ba MHIIOOTJIAPHU 0apro 3TUII UMKOHUHHU O€pMOK/IA.
ynaail 3kaH yJlapHU acpuMHU3 MaTepuanu Jecak sHrMmMaimu3. By Typaarm
TEMHUpPOETOHJIaH KypWJIMIJAa KEHI Kynamjaa ¢oijasaHull yJapHU HIIad YHUKapHIL
TeXHoJorusicu  OwnaH  Oofnmuk.  OnauHAaH ~ 3YPUKTUPWITaH  TEMUPOETOH
KOHCTPYKUMSJIAPHHU YJApHU JIOMMXaJaHraH XOoJuAa Kyja0oja ycyija MeXaHuK acOo0
yCKyHanap (TOpTUILI JOMKpaTiapu, BuOpaTtopiap Ba Oomk.) €pramuiaa Tai€pnaml -
TEXHOJIOTMK YCKyHaJlap JIOMMXACHMHM TaW€pialiHu KUWUHIAIITUpPaAd Ba Oy
MexaHu3MIIapaad (oigananum camapacu >kyaa nact Oymaau. IIyHUHT ydyH 3aBOJ
mapoutuaa Ta€pnam  yuyH (akaTruHa KeHr (QoijanaHuiaguraH - OJJIUHJIAH
3YPUKTUPWITAaH TEMUPOETOH KOHCTPYKUMSUIADHUHT XWJUIAPUHU TaHIad OJUII 3apyp
Oynagu. by aca kenrycuja KOHCTPYKLMS Typjiapd Ba YJIAPHUHT XWUIAPUHHU OIIUO
Oopurmmra Epaam Oepaau.

Nuau  pacTypHUHT Ma3MyHU THUHIJIOBUWIapHU “BeTroH Ba TeMup-0eTOH
TeXHOJOTUSJIAPU® MOJIYJIHAArd Ha3zapuid METOMOJIOTMK MyaMMOoJIap, 4YeT 3
TaXpuOacH Ba YHUHT Ma3MyHH, TY3WIHIIH, Y3UTra XO0C XyCYCHUSITIIapH, WIFOP FOsUIap Ba
Maxcyc (Qanmap Joupacujard Ouiaumiap Xamja Jaoji3apd MacalaJjapHH EUUITHUHT

3aMOHaBUM yCyJlapu OWJiaH TAaHUIITUPHUIIIAH UOOpaT.

MoayJJHMHI MaKcaau Ba Basudanapu

“beTOH Ba TeMHP-0€TOH TEXHOJIOTUSJIAPUA” MOAYJMHUHT MAKCAAU: NIeAaror
KaJpJlapHU KalTa Taii€épaill Ba Majaka OIIUPUILI KypCH TUHTJIOBUWIAPUHU KYPUIIHIILL
Marepuauiapu, OyromJIapu Ba KOHCTPYKIMSUIAPUHU WILTA0 YUKAPHUII COXACHIIard
WHHOBallMsJIapra  JOMp  OWJIMMIIAPUHM  TAKOMIJUIAIITHPHUIN,  WHHOBAIIMOH
TEXHOJIOTMSUIAPHU  Y3JIAIUITUPHIL, KOPUM 3TUII, TAabIMM aMaJMETHMAA KyJUlall Ba
sapaTuin 6Vindya KyHUKMa Ba MaJlaKaJIapUHU TAPKUO TONITUPHIII.

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

- OETOH Ba TEMHUP-OETOH TEXHOJIOTHSIAPU COXAacHAaru MeBbEPUN XyKoKatiap,
UIUIa0 YUKAPUII TU3UMHIATH MaBXYJ MyaMMOJap Ba SHEPTUsl Ba MaTepuai UKTHCO/]
KWW OuiaH OOFJMK caMapaZop TEXHOJIOTHsUIapJard WHHOBALMSUIAPHU YpraHWINra
WYHAITUPULL;
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- THUHIJIOBYWIapAa OETOH Ba TEMHUP-OCTOH MaxCyJjoTiapd HIUIA0 YHKAPHIL
coXacuJard WIFop TEXHOJOTUsIIapUra JOUp OJITaH SHIH 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-OETOH TEXHOJOTHSUIApH KYPCHHH VY3JAIITHPUII >KapaéHHIa
amaJra OlMpUIaJUral Macajaagap JOMPacHuIa:

TunraoBun:

- OETOH Ba TeMHUP-0ETOH TEXHOJOTHSJIAPU COXACUATU CYHITH IOTYKJIap, MebEpap
TU3UMU,

- KypWIHII MEbEP Ba KOUJANapura KUPpUTWITAH Y3rapTUPHUILLIAP;

- 0eTOH Ba TEMHpP-OCTOH TEXHOJOTHSJIAPH coxacuaard (aHJapHH YKUTHUILIATH
WJIFOP XOPWXKUU Taxpudanap;

- MaxCyJIOT UIIIa0 YUKAPUIIIArd HHHOBAIIUSIIAP;

- 0eTOH Ba TeMHUP-0ETOH TEXHOJIOTHUIAPU COXACUary 1013ap0o Macananap;

- MaxcCyJIOT WIUIa0 YMKApHIIJIa SHEPTUsl Ba PECypc TEKAMKOPIUTHUHU OIIUPUII
yCyJIIapy XaKu1a OMJIMIIM Kepak.

TunraoBun:

- V36ekucTon PecnyGIMKACHHMHI apXUTEKTypa Ba KyPHIIMII COXACHIATH
MEBEPHUI XyOKaTIap TH3UMUATH Y3TapuIIapHU aMaTETra TaTOMK dTa OJTHUIII,

- 0eToH Ba TeMUP-0ETOH MaxCyJOTiapy HILIA0 YMKAPHUIIHHU CaMapaid TallKuil
KHJTHAIII,

- 0eToH Ba TeMUP-0E€TOH MaxCyJOTJIapu WIUIA0 YUKAPHUIIIA 3aMOHABUN SHEPTHS
Ba PECYPC TEHKAMKOP TEXHOJIOTHSIIIAPHU KYJUIai OJIMILI,

- MaxCcyJoT Typu Ba (olimanaHwiagural coxacura Kapad 3apyp OeroH
TapKUOJApUHU JTIOMMXaai OJIUIII;

- OeToH Ba TeMUP-OETOH MaxCyloTjapu UNUIA0 YHMKApUIIIAa KAMEBHM
KyImuMyanapaH YHyMJIu ¢oiianana oJuil;

- WIMUN amabuéTiapia KeNTUPWITaH 3aMOHAaBUM MabIyMOTJIapHHU HM31a0 Toma
OJIUIII Ba yJIAPHH TaXJIAJI 3Ta OJUII KYHUKMAJIAPHUTa dra OYIUIIH JIO3UM.

THUHIJIIOBYM:

- OETOH Ba TEMUP-OCTOH TEXHOJOTHSUIAPU COXACHUJArd XaJKapo HSPUILUITaH
IOTYKJ1ap/iad (poiiaaHuIl Ba UIFOP TEXHOJIOTHSITIAPHU KOPUM 3TA OJTUIII;

- UIUad 4YMKapuiIaguraH MaxcyjgoT cudaThuHM 3aMOHaBHil acb00 Ba ycyiap
€épIamMuia aHUKJIAM OJIUIIL;

- MaxcyJoT cudaTUHU TAbMUHJIAII Y9yH cCaMapald TEXHOJIOTHK jKapaCHIapHU
TaHJIAII Ba TAIIKWII 5T OJIMII MAJIaKaJapura sra OYIuInm 3apyp.
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THHIJI0BYM:

- ¥3 dannapuHu YKUTUIIIA OCTOH Ba TEMUP-OCTOH TEXHOJIOTHSJIAPU COXACHJIaru
MEBEPUN XYXOKAaTIap THU3UMUJIArd, OCETOH Ba TEMHUP-OCTOH MILIA0 YUKAPHUII
coxXacujaru MHHOBaLMsUIApJIaH XaM/Jla UIFOp XOPKHUKM TakpubanapaaH sSHIHIMKIapIaH
YpuHM ¢oiganaHa oJvIll KOMIETEeHIIUAJAPUTra 3ra OVIUIIH JIO3UM.

Moay/iHH TAIKWI 3THII Ba YTKA3UII OYHHUYA TaBCHSJIAP

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

- 3aMOHaBHil ax0OpOT TEXHOJIOTHsUIapU €pAamMuaa UHTEp(Paos Mabpy3aJapHU
TAIIKWJI 3THILI,

-aMalliii  MalIFyJloTiIap 3aMOHAaBUM TabJIMM  yCIyOJapd Ba HHHOBAIMOH
TEXHOJIOTMsJIApra acOCJIaHTaH X0JI1a YTKAa3UIIHUA Ha3ap1a TYTHIAAH.

MoayJHMHT YKYB pekajard 00mKa MoayJiap Oujian OOFJIUKJIMIY Ba Y3BHIAJIUTH

“beToH Ba TEMHP-OETOH TEXHOJIOTHUsUIApU MOJYJIU Oyinya MalFyjaoTiaap YKyB
pexacuaarn  “Kypwmmi Marepuamiapd yMpOOKuiauru”, “3aMOHaBUN KypHIIMII
MaTtepuaiapy Ba TEXHOJIOrusIapu” Ba OomiKa 0JI0K (paHyiapu OuiiaH y3BUM OOFJIaHTaH.

MoayJHMHT 0JIMHM TABJIUMMIATH YPHHU

@®aH 0JIMi TabJIUM Myaccacallapy Meaaror KaapJIapuHUHT KacOuil Tai€prapauru
JapaXaCUHU PUBOKJIAHTUPUIL, YJIAPHUHT OETOH Ba TEMUP-OETOH TEXHOJOTHUsIapua
3aMOHABUU 3HEPTUS Ba PECYPC TEKAMKOP TEXHOJIOTHSIAp Ba COXAJard MHHOBALMLIAD
Oyiinua Majaka Ba KYHUKMaJapUHU TaKOMWUIANITUPHUINTA KApaTWITaHJIUTUA OWJiaH
axamMuaTIuaup. MoOAynHu Y37alITUPUIN  OpPKald TUHTIOBYWIAp V3  (anmapuHu
VkuTHIga 6€TOH Ba TEMHUP-OETOH TEXHOJOTHSIAPH COXACUIATH MEBEPHUM XyXKKaTiap
TU3UMHUAAru, OETOH Ba TEMUP-OCTOH MIUIA0 YMKAPHUII COXACHJard WHHOBAIUsIIApIaH
Xamjia WIFOp XOPWKUN TakpuOaiapiaH SHTWIMKIApIaH YpUHIM QoiiganaHa OJHII
KpeaTHB Ba TEXHOJIOTHK KacOW KOMIIETEHTIIMKKA dTa OYyiaguiap.
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HA3APU MAIIFYJOTJAP MABMYHHU

1-maB3y: beron Ba TeMup-0eToH. Ymymuii mabaymoriaap. Kupum. beronnap
knaccudukanusacu. beron Tait€pnam yuyH watepuanap.beton Ba TemupOeToH
KOHCTPYKUUSJITAPUHUHT aCOCUH Typiapy Ba yiapra KyHuiaaurad tanadmuap.

2-maB3y: beron kopummacu. Llement kotumm xapaéuu. LlemeHT rugpartanuscu
Ba LIEMEHT XaMHpHU XOCCAJApUHHU aHUKJIAIL. DEeTOH KOpHUIIMaTapUHUHI XOCCajlapu Ba
YJIIApHU aHUKJAI ycyJapu. beToH xoccamapura tabcup 3TyBuM oMuiniap. Kypuimim
WHIYCTPHUSACHIA DHEPT U TEKAMKOPIIHK.

3-maB3y: beronsiap Ba KopuiIMajap y4yH KMMEBUH Kymmmuanap. beron Ba
TEeMUPOETOH KOHCTPYKIUSJIApHU Tai€piania (GoigaTaHiIauran  KymmMyaiap
kinaccuukanuscu. ['paHyTOMETpHUSIHI ONTUMAUIAINTUPHINA KYKYH TYIIUPTAYIapIaH
doitnananum. Maxcyc rokopu Mmyctaxkaminkka sra 6eton (UHPC-100-150 MITa).

4-maB3y: MoHoauT Kypuiaumm. Ymymuil Mabiaymoriap. Kyiima OeToH.
Xoccanmapu. QoranaHuIl COXajlapu.

5-maB3y: beroH Ba TeMupOeToH OyOMJIapW Ba KOHCTPYUMSJIAPUHU HILIA0
YMKAPUIIA WHHOBALMOH TEXHOJOTHsUIap. Y3yH CTeHAJapAa TeMUup-O0eToH
KOHCTPYKIUSUTAPUHU Y3ITyKCU3 Kouiuiad Taiiépnamt. Komno3ut apmarypanap. bazanst
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Ba TIOJIMNPIWJICH Tojamapu. beroH xoccamapuHu Oy3maciaH aHHUKJIAITHUHT
WHHOBALIMOH yCYJUIapH.

AMAJIMA MAIIFYJOTJIAP MA3SMYHHU
1-amanmii MamFya0T: beToH KopUIIMacH.
2-amMaJjiuii MalFyJaoT: beToHap Ba KopulliMaliap yayH KUMEBUH KyITuMuanap.
3-amajiuii MalIFyJa0T: MOHOMUT KypHUJIHILL.

4-amajmii MamFyJaoT: beton Ba TemupOeTOoH OyroMiIapu Ba KOHCTPYLMSIIAPUHU
UIUIa0 YMKApUILJa MHHOBALIMOH TEXHOJIOTHUSIIAP.

beron Ba Temup-OeToHIAaH TapuXuUi Ba 3aMOHABUN KYJUIAHWITAHU TaXJIWIIH.
YMyMKYypWIHIII Ba Maxcyc OCTOHJIAPHUHI TapKUOWHM XHcoOnami. 3aBoj IIapouTHIA
HurMa TeMHUp-OETOH Ba MOHOJHUT Kypwiuiiga (oiganaHwiagurad O€TOH Ba TEMHp-
O0etoH Taxyauiau. beToH Ba TeMUP-OETOH  TEXHOJIOTHSICHAA PECYpPCTEKAMKOPIUK
AyIapu.

VKUTHII INAKJUIAPH

Maskyp Moayn Oyiinya Kyiuaaru YKATULL IIaKUIapuaad GoiiianaHuiaam:

- Mabpy3ajap, aMaIuid MalFyaoTaap (MabIyMOTIap Ba TEXHOJOTUSJIAPHUA aHTIIA0
OJITUIII, aKJIUI KU3UKHUIITHU PUBOXIIAHTUPHIL, Ha3apuid OMIIMMIIApHU MyCTaXKamJIai);

- 1aBpa cyxOariapu (kypwia€Tran Jioluxa edumiapu Oyitmya Ttakinud Oepuiil
KOOWJIMSATHHY OLIUPUII, SIITUTHII, HIPOK KUK Ba MAHTUKHIA XyJocaaap YMKapHIN);

-0axc Ba MyHO3apajiap (Joluxanap edyuMu OViidua nanuisiap Ba acoCiH
apryMEHTJIApHU TaKJIWM KWIWII, DSIIUTUII Ba MyaMMOJIAp €YUMHUHU  TOIHIII
KOOMJIMSTUHU PUBOKIAHTHUPHIII).

BAXOJIALII ME3OHUA
Ne Tonmmuupuk Typaapu bajiap rakeumoru Maxkcumaan 6as
1. | Mags3synap 6yitnya keiicnap 1,5 6amn
2.5
2. | MycTakuj BIll TOMIITUPHKIIAPH 1,0 6amn
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1. MOAYJIHU VKATHUIIIA ®ONIATAHUIAJIUTAH HHTEP®AOJ
TA'BJIMM METO/JIAPH.

AManmuii MaIFyjgoT JapciAapHHM YTKa3WIl JaBpUaa MabIyMOTIAPHUA TaXJIHII
KWJIUII, COJUINTHPHII Ba TaKKOCIHATHUHT BeHH muarpammacu Ba T jkaaBaimgaH
dhornananuIagm.

Benn auarpamMmmacu.

MeToaHMHT MakKcaaud: 2 Ba 3 KUXATJApHU XaMJa YMYMHUWA TOMOHJIAPUHHU
COJIMILTUPHIL €KW TAKKOCTAII €KW KapaMa-KapIlli KyWUII YUYyH KyJUITaHUJIaau. TU3UMIIU
dbuxpnar, COJIMILITUPUILL, TAaKKOCJAII,  TaxJIWJd  KWIKMII  KyHUKMaJlapUHU
PUBOXIITAHTHUPA]IH.

Tunrnopumiapun BeHH amarpaMMacHHM TY3WII KOWJAcH OWIIAaH TaHHIIQJMIIAP.
AJloxXyJla KUYUK TypyxJapja jauarpaMma BeHHU Ty3aauwiap Ba KeCHIIMalguraH
XKoMnapHHu (X) TYJIaupaguiap

JlonpanapHu KECUIIYBUM KOWMAA, WMKKU-y4 JOHpajap Y4yH yMyMHil Oyiras,
MabJIyMOTJIAp PYUXATUHU Ty3aU.

Benn nquarpammacu

Temup-6eTon

Beron 1. Munepan
1. Munepan OOFTIOBUMIAPAAH
OOFIOBYMIIAPA (I)?IfﬂaJ'IaHI/Iﬁ
an BornoBunian TaiiépnaHay.
doinananno (oitnanammt 2. CyHbuii TOII
e OJIMHaAUIaH MaTepuaiu
DI | Cypeii o, 3l Orunumira I/IHJJ'Ia.I_HI/IHI/I
2. Cynbuii TOlI | Ok kyrapum .
MarepHa. KOGHIMATH SXIIATAIT ngH nyar
3. Koncrpykiuon apMatypa OnJIaH
Ba Maxcyc KyWIaHTUPUIIA]IH.
Typiapu 4. KoHCTpYKIIHOH

Marepual.

T — :xxaaBaja

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.

AXpaTwirad BakT opanuruia TaptuOaa (KypTIMKAa) TYIIUpaad, YHHHT Yam
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 +50C,Z[8.H 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 (oiiaanaHu 3apyp.

“Keiic-cTaan” MeTOaH

«Keiic-cTagm» - uHrmM34va cy3 0ynuo, («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-XOJMCAJaH BazuAT cudatuaa TaxJdil y4yH
doitnanmanum mMymkuH. Keiic XapakaTmapu y3 nuura KyduaarujgapHu Kampad oJajau:
Kum (Who), Kauon (When), Kaepna (Where), Huma yuyn (Why), Kannaii/ Kanaka

(How), Huma-natmxa (What).

TaxJIMJI KHWJIHUII acoCHuaa



beron Ba TeMup-0€TOH TEXHOJIOTHUSIIAPU

“Keiic MeTOAU” HM aMAJITA OIIUPHUII OOCKHUWIAPH

40011
00CKMYJIapH

D20uAT MAKIA
BAa Ma3MYHH

1-60ckuu: Keiic Ba yHUHT ax00poT
TabMHHOTH OWJIaH TAHUIITHPHUILI

v’ dKKa TapTHOaru ayauo-BU3yal MIIL;
v/ Kelic Omiad TaHUIIUII(MATHIIN, Ay10 €KUM Meaua
IaKJza);
v ax0OpOTHHM YMyMJIAIITHPUIIL,
v ax00poT Tax Iy,
v MyaMMOJIapHH aHUKJIALI

2-00cku4: KelicHU aHUKTaI THPHUIIT
Ba YKyB TOMIIUPUFHU OCITHIIAII

v\ MHIUBHIyaJ Ba IypyXJa MIILIALLL
v\ MyaMMOJIapHH J013apOIIMK HEPAPXUACUHI
aHUKJIAIIL;
v acoCHil MyaMMOJIHM Ba3sHsTHH O€JITHIIaI

3-00cknu: Kelicnaru acocuit
MyaMMOHHU TaXJIWJI 3THUII OPKAJIH
VKYB TONIIUPUFUHUHT €YUMHUHU
W3JIall, XaJl 3THUII WYIUTapUHU UIILI1a0
YUKHUIII

v MHIWBHIyal Ba TypyXJa HIILIAIL,
v MyKOOWJI €4iM HyIUIaprHK UILIA0 YHKHIIL;
v’ xap OMp eYMMHUHT HMKOHUSTIAPH Ba TYCUKJIAPHU
TaxJIWJI KWJIHILL
v MyKOOHII €4UMITAPHH TAHJIAII

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

v/ sKKa Ba TypyxJia WIILIALI;
v MyKOOWI BapHaHTIapHH aMalia KyJuiari
MMKOHUSTIAPUHY acOCJIalll;
v WKOIHIA-JIONMXA TAKIMMOTHHH TaiépJiali;
v AKyHUH XyJI0Ca Ba Ba3UAT €IUMUHHUHT aMaJInii
ACHEKTIIAPUHYU EPUTHUII

Keiican 6a:kapum 60cKYMJIaApY Ba TONIIMPUKJIAP:

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

* MoOwJT MIIOBaHU HIITA TYIIUPHII YUyH OakapuiiaJaruHa Uiiap
KeTMa-KeTIIUTUHH OenruianT (Ky(TIHKIapard wiil).
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beron Ba TeMup-0€TOH TEXHOJIOTUSIIApU

I11. HASAPHUI1 MATEPHAJLIIAP

1-maB3y: beron Ba TeMupOeTOH. Y MyMHUil MabJIyMOTJIAP.
Pexa:

1.1.Kupwur.

1.2.beroHnap kiaccupuKaIusCcu.

1.3.betoH Taiépaant yuyH MaTepuaiap.

1.4.beToH Ba TeMHPOETOH KOHCTPYKIUSIIADUHUHT aCOCUI TypJiapH Ba yJjapra
KyHuaaaurad tanadmuap.

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

1.1. Kupuu.

TexHUK Ba MKTUCOIUN KYpcaTKWWIapW Japaxkacu OVitmya OETOH Ba TeMUPOETOH
nyH€na Kypwidil Oyiomiapd unuiad 4YUKapuIl THU3UMHUJA XaHy3rada acocui
KOHCTPYKIITMOH Matepuan Oynu0 Koiamokaa. Ho€0 xoccamapra sramuru cababim
ynapaapias doianaHui coxalapu KeHraiind 6opMokaa Ba 11y Ouiian 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 OwijiaH OWpra 4uaamiid, THUIIAK-TTyXTa, YIIKaH,
HOAMP OMHO Ba HHIIOOTIApHM Oapmo ASTUII MMKOHMHM OepMokna. IllyHpail skaH
yIIapHU aCPUMU3 MaTePUAITH IeCaK STHTIUIIIMAiMU3.

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 apanrawmupuneanuoa ynap niacmuk macca 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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beron Ba TeMup-0€TOH TEXHOJIOTHUsIIApU

by ¢aza saxmuoa, b6emon xopuwmacunune naacmuriueu xamauaou. CyHeu
myeaut 0eb amanysuu UKKUHYU OOCKUY apaiaumupuis onepayusicudan Keuun 5 oan 6
coameaya 0agomM IMUniu MyMKUH.

by oasp oasomuoa 6emomn w3acunune kammuxiueu HUCOAMaH IOMULOK 0y1aou.

Yyunuu 6ockuu mycmaxxkanuknume opmumiuoar 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 ¢hoiidananunaduean KomMnoneHmiapHuHe 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 Kelmupuiean Xxoaamiapoa o000uti 06emoHOaH
Qovoananuw  ueeapananaou. Illynea kapamau  ymmmau — 6emonoan 000Ul
KOHCMPYKYUSIAPHU — OAIKanap, naumanap, masaud 080piapu 6a 6owx. mauépiauioa
Qotdanranuneanuda  yiapuuHme — YUY3UIUWL  30HANApUeA  NYIAm - apmMamypanap
arcotinaumupunud Ketlun Oemowunanuwu mymxun. Ilynam apmamypa O0eb amanysuu
NYNAM CMEPHCEHNAP YY3y8ulU 3YPUKUUUAAPHU KAOYI KUIUUL Y4UVH OUOAIAHULAOU.

by yuynoa maiiépnanean 6emon — memupbemon 0eb amanaou.

beron Ba TeMup-0eTOH TAapUXU

Kozedh Monne

Y 1867 iina 16 HwoJu1a Y3IHHHHAT
Ky4YaTHPHJ/ITaH TYBAKJIAP YIVH NATCHTHHH
oaran. ¥3 Ta:Kpu6a CHHOBIAPHHH TaBOM
STAHPHO TeMHP OHIaH KyJafiTHPHITaH
IeMeHT.IH KyBYp.J1ap Ba 0acceiiniap (1868
ii.), yilaapHHHT dacaaaapu YIyH TeMHpP-
nmeMeHTIH maHes1ap (1869 ii.), temup-
nemMeHTIaH Kynpukaap (1873 ii.) Ba
Temup-0eTon 6ankamap (1878 i)
HXTHPOJAPH Y9YH HaTeHT.JIap 0JIraH.

http://1000projects.ru/page.php?see=kogda-poyavilsa-beton
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beToH Ba TeMup-0ETOH TEXHOIOTUSITIApU

3000B.C. 500 BC- 476 AT
Egyptians used mud mixed Applien Way, Roman
with e 1 bind bricks. They' Taths, the Colosseum and 1586 1589
used gypsum and kme mortars in the Pantheon used Pozzalana cement Fist mtary kiln was intoduced Fimt concrete reinforred
Animel fat, milk end blood were vsed &3 in England , which sllowed for bridge was budt.
continous praduction of cement

CONCRETE
HISTORICAL ot Simeatn nsed hpdrsulic

lime 1 rebuild Eddystone
TIMELINE Lighthouse in Cormwall, England FIISt concrets sueet in the
s was placed in Bellefontaine,

Ohin by George Bartholomew

“seph Aspdin of England ;

inrented pordand cement by buming ] ] - First major concrete dams,

gound chalk with finely divided clay a the Hoover Dam and Grand
ina lime kiln wnil carbon dioxide is

Cooley D il
= ddven off. The product wes then ground ‘ooley Diam, were

3000 B.C.- i .""' ﬁ)

PRESENT =

N 1867
The first systematic e at Joseph Monier of Frence —
of tensile and compressive it Tl pots with wire
suEngth 0ok place i Germany shering in theidea of iron. 1 Fumt concrete dome sport
inforcing bars 3 stctore construeted at the

Tallest reinforced building
{946 11} constmcted in
Chhicega, IL

Unive reity of Tllinods, Assemtly Hall

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

1.2. Beronaap kiaccupuKanuscH

['OCT 25192 6yitmya xypunuinga doiganaHuiaaurad OeToHIap KyWujaru
acocHil Kypcatkuuiapu OVitnua cuHguapra axxpaTuiaau:
- acocui ¢oianaHuI coxacura Kypa;
KOppO3us TypJIapura YujaMiiurura Kypa;
TYJIUPYBUWIIAPUHUHT TypuUra Kypa;
- CTpPYKTypacura Kypa;
- KOTHUI IIAPOUTHTA KYpa;
- MyCTaxKaMJIUTWra Kypa;
- MYCTaxKaMJINTUHU OPTHUIIMU TE3JIUTUTa Kypa;
- ypTaya 3u4JIurura Kypa;
- COBYK TabCHUPHUPHUTra YAIAMIINIINTA KYPa;
- CYB YTKa3MacCJIUIura Kypa;
EAUPUIIMILINATA Kypa.

bemonnap knaccugpuxkayusacu

Knaccudukammst
berton Typu Tabpucdu
oenrucu M prd
Acocwuit buHO Ba MHIIIOATIAPHUHT MEXaHUK XOCCATapU
. KoHncTpykunon oy oy
dhoinananu Oyiinua Tanabnap Kyimiaaurad 6eToHmap.
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beron Ba TeMup-0€TOH TEXHOJIOTHUsIIApU

coxacura Kypa

Maxcyc

buHO Ba MHIIOATIAPHUHT MEXaHUK XOCCATapU
Oyiinua KyHWuaaauran tajadiapaad TamKapu

¢byHKIMOHAT Tanabnap (MCCUKINK U3OJISIMSCH,
HUCCUKJIMK TabCUPUTA YMIAMIIUINK, KHUMEBUMA

YU IaMJIHIIAK, KOPPO3Us TAbCUPHUTA
YUJAMITHIINAK, IEKOPATUBIIMK, paaualusiaH
XUMOSIJTOBYH, 3YPUKYBUYaH, THAPOTEXHUK Ba
OoIIK.) KyHuIaauran OeToHmap.

Koppo3sus
mypnapuea
yyoamaueuea Kypa

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

KapOonaru3anus Tabcupua KOppo3us ro3ara
KEJIMIIKH MyMKHH OYJIra napoutiapaa
doitnananmiaauran 6erornap (XC);

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

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

mapouTiaapaa ¢hoigananuIagurad 6eToHnap
(XF);

A

Kumésnii koppo3ust ro3ara KenTupaural
mapoutaa ¢oigananmiaaurad 6etonnap (XA).

3ud TYIAupruyiaap
acocuja

3WY TOF KUHCJIAPU EKH 3UY NIIAKJIAp aCOCHIAarh
OeToHnap

VYTa 3ud Tynauprudiap

Pyna Tapku6mnu TOF )KUHCIIApH, Y SH

Tynaupruu typura KUPUHIUCH, METAJJT KUITUFHU Ba OOLIK.
Kypa acocuaa
acocuaaru OeToHap.
Fosaxk Tynaupruunap TaOuuit Ba cyHbUil CeproBaK THUIAUPrUYIap
acocuaa acocuaaru OeToHIap
TynauprudyHuHT WNupuk nonanu Wupuk tynauprudinu OeToHIap
WHPHUKITUTH . . .
Gyiinua Maiina 3appanu Maiina Tynaupruy acocuaru 6eTonnaap
emenTnap, nry »Kxymiiajiad NopTIaHALEMEHT
KJIMHKEPH Ba TypJIM MUHEPAJI KyIIUMUaiap
acocua (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 panmnm nementiap, BHB, Ba 6omik.),
THJITYIPOKIH €KY THIATYIPOKIN KIMHKEP
TapKuOIU (TWATYIPOKIIH, 3YpUKYBUaH,
KUpHILIMaiuran Ba OOIIK.) acocuaru
OeToHmap.
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beToH Ba TeMup-0ETOH TEXHOIOTUSITIApU

ABTOKJIaB1a KOTAAUTaH OXaKiIu OOFJIOBUM Ba
KPEMHE3EMTapKHOJIU KyIIuMUaiap acoCHIaru
OeTonap.

Oxakiu OoFIoBUMIIAD
acocuja

[Inak-umkopiau OOFIOBUMIIAP, OXAK EKH IIEMEHT,

naxnu GornoBumMIap | ..
€Ku runc OunaH GaosIalTHPUITaH HUTAKIap

acocuaa N
€K KyJu1ap acocujaru 6eToHnap.
['uniciu GoFnoBUmIIaAp Kypunuii rurncu, aHruipuT, TUIIC-1IEMEHT-
acocuaa MyLI0JIaH OOFJIOBUM acoCHIaru OETOHIIAp.

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

acocuja CYIOK IIUIIAIN OOFJIOBYMIIAP) aCOCHIATU
OeToHmap.

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

Korui BakTu 0yiin4a nueMeHTIap Kyiuaaruiaapra 0y imHaau:

* CeKuH KOTYBYHM — KOTHUIIl BAKTUHUHT OOIUIAHUIIM 2 COATIaH OPTHK;

* Hopmast KOTyBUHM - KOTHIII BAKTUHUHT OONUTaHUIIN 45 MUHYT/IaH TO 2 coaTrava;

* Te3 KOTYBUM - KOTHUIII BAKTUHUHT OONUTAHUININ 45 MUHYTIaH KUCKA.

beron  kopummacuHM ~ SKOMJam  Ba  3UWiam  Oyiiuya:_ mmOOanaHraH,
BUOpalMsIIaHTaH, TPECcCiIaHraH, BUOpOIITAMIUIAHTaH, BUOPOIpPOKATIaHTaH, OOCUM
Ouian BUOPOIPOKATIAHTaH (Kyunm BUOPOIPOKAT), HEHTpHU(yTragaHraH,
TOpPKpETJaHTaH, BaKyyMJIaHTaH, BUOpodaoialITupuiirad Ba Ooukaiap.

BeTOHHMHI KOTHII BaKTHAAa MCCMK-HAM MILIOBM OepwiuIlIM Ba TYTHO
TypWwIMIIMIra Kypa. HopMan, Oyrmanrad, 100°C xapoparma cyBaa WCUTHUITAH,
ANEKTpOdHEpTrHst €pAaamMuaa, MOW OuilaH MCUTWITAaH, aBTOKJIaB ¢€Ku OyFjiaHTaH,
KOMOUWHAIMsAJIAHTaH, MaXCyC UIILJIOB OepuiraH Ba Oomkaiap.

Tamku MYXUTHHHI arpeccHB KHMEBHMH TabCHPUIa Maxcyc yciay0d OmiaH
AHUKJIAHAAUTAH KApPIIMJIHK KYypcaTuil Jgapaxacu Oyiiuua: cynbdaT Tabcupura
YUIaMIIH, J€HTU3 CyBUTa YUAAMIIA, KHCIIOTa TAbCUPUTA YHIaMJT Ba OOIIKaIap.

Oxopu xapopar Ba 0J10B TABCHPHUIa YMAAMJIMJINIU OYVidn4a (MCCUKJIUKKA
yngamMJIn 0eToHIIap):

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

1.3.beToH Taiiépaam y4yH MaTepuaiap.

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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beron Ba TeMup-0€TOH TEXHOJIOTHUsIIApU

YMyMKypWIMII Ba Maxcyc Makcamiapaa (QoHJalaHMIaiuran OeTOHIap ydyH
ILIEMEHT TAHJIAIIHY KaBajlIapia KeJITUPUITraH MabIyMOTIapra TasHraH XoJia amalra
OILMPUII 3apyp’

KoHnctpykuusnan dhoiigananuii mapouTura Kypa HeMeHT TaHJIalll

Mo |LlemenT Fodcrpykumanasd qoiaaiaduil mapoiTH
b H O LT Cynedarmap MasmopH 2
o ) = OFfnYa arpeaccHe MYXHT S = -
HUKH KHCMHIA = TERCHPHA = L:— = = =
= — = 2| =2 252 3
g = =| 2z gl FE|EZ=:z
= & = =z E=lE &= 28| R &
= | B | = |zESE|Zi8:5E/ 22|85 ¢2
A B EEE EEI R
= = o FEeEalrEE FEloe = o
P =3 Sy = =]
= =2 15m,
1 [Ty ac | o | o | o H H i | puj
2 [TLL ..[I,S.,E[E'!]' P P P H H H i |
3 oo’ P P i A i} H Jui
4 ET]_I,I P P P H H H H
5 BLIITTLT P P I A J H H
& |CCrL” il il il P P P H
7 |ccwini” il i il P i H H
& oo H I H P H H P
0 HLL® r P P P J P H

Moo J- FONCT IQFFE: 2 - FONCT 22226 -3 - TV 20-26-0 3-00 S,
P - mroecus smeaada, - mexnue-wimucodill geocrarsandd pioceam arneac; B -
VY w TR el

3 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-0€TOH TEXHOJIOTHUsIIApU

beToHHUHT KjIaccH Oyiinya HeMeHT MAaPKACUHH TaHJIAI

Leme R CHEHNHILIATH MYCTAXKAMIHK O¥iin4a DETOHHHHT KI1aCcCH

CMEHT Maprach BI1D B20 B30 B35 B40 B30

TapcHA THIAIHTAH M 300 BAZ00 WS ET MAS00 % [RTALA] BB
155 5

Pyxcar GepHoaiurad MO0 BA400 MS00 r::]-fg.-[:::[]:u t::;{:% bS50

beTOHHMHT KOTHIII IIAPpOUTH 6yﬁﬂ‘la HEMEHT MapKaCHHU TaHJIall

1 - sansan OYHHYA LEMEHT TYPH
FOTHIL IHapouTH (rapru® pakamu)

11213456789
My taann sa MYTAIHIATA HKHH P AIPEPIAITELALP]P
10°C xapoparaas nacy HJIAIH|P|{HIA[H|H]|P
Meonk-Ham Hinnos Depuiarasia:; Hl1AIHIPIPIH|IH|H]|P
—13 coarraua OVaran ].:-IL‘}E{HM,J_H plelelaluleleluln
— 13 coaraan opTHE DVITaH pesnmia

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

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 sea bemounrapuu mauéprauioa otoaranuiaou.

Knaccuguxkauyusacu

Tynoupeuunap uxkku 2ypyxea OYIUHUWU —MYMKUH. (a) tiupuxk OoHanu
mynoupaudnap ea (6) mavioa mynoupaudiap.

Tyaoupzuunapnunz cugpamu

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

Tynoupeuunapnune 6avsu 3apyp xoccanapu Kyuuoaeunap: (1) mycmaxkamaux (2)

yuamu (3) oonacunune waxmu (4) rosacununewr mexemypacu (5) epaoyuposxacu (6)
ymrasmacaueu (1) mozanueu (8) kumésuit unepmaueu (8) roxkopu xapopamoazu ¢uzux
sa kumésuti cmabuniueu (10) uccuxnuxoan xeneativue xosgpguyuenmu, éa (11) napxu.
Tynoupeuunap Kuméeuil uHepm, MyCMAxKam, KAMmuk, HeKIaHean 208aKIUKKA 22d,
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beron Ba TeMup-0€TOH TEXHOJIOTUSIIApU

Enuuud Koneaw 2UN-mMynpok, KyMumn, KymMup Koaoukiapucuz oyauwu xepax. bBemon
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 Maiioa Hupux
mynoupauy mynoupauy
OymyH mauoa oymyH mauoan

JIaHeaH aHeau
Kymup ea nuenum 1.00 2.90 1.00 1.00
Jloti 6ynaxnap 1.00 1.00 1.00 1.00
Mauioa 6ynaxuanap - - 3.00 -
Cnaney 1.50 - - -
Xamma 3apapau moooanap mukoopu, 1.00 2,00 5,00 5.00
% **

Tynoupeuu maccacuea nucoaman %o™.
Crrooaoan mawxapu™*

bemonnune mycmaxkamaueu mynoupeuy mycmaxkamaueuea 6ozmuk. I panumiu
mynoupeuy nemsa éxku KyuoOupuiean SUimynpoxiu mynoupeudiapea Hucoamat oKopu
MYCMAXKAMIUK OUW UMKOHUHU Oepaou.

Tynoupysuunap cugpamu ooamoa (1) maudanawoacu mycmaxkamaux (i)
mandananuw éxu (1) mavcup kammanuxnapu kabu ubopanap ounan bencunanaou.

Hupux mynoupeuunune yrnuamudan yHuHe uwlaui 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. LLIynune yuyn 2aoup-6youp 1o3aniu myaoupeuioam
Qoiidananub mauépranean OGemoOH CULIUK 034U  MYIOUpeudoan  oudaranud
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
oOyaub, yiap mosa, UWKALAHUWEA KAPUWIUIUSU FOKOPU, Eénuuubd 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

Konerpyrumusuiap THaauprauHHHr Maiiaa —ITHPHEITHIHER

OenriIoBIM mapriap

Beprukan - APMATYPA CTCPMEHIIAPH OPACHIATH 3HT KHUHK
O IHEHHHAD 0,75 yiuamMiy;
- KOHCTPYELHA 3HI KHUHE ¥adamuaadr 0,33
KHeMuUra reHr, nexuy 150 manan k0 amac.
lopusoxTan - KOHCTPYELHA KANHHARIHHHHD (0,5 KHoMHra

TeHr, neEnH 150 Mmymaan kVn asac
40 nara

1::Ij,"J:| B A3P0IPOnM -

KOTLTaMAIapH

Nupuk TYIIUpyBUMHUHT MyCTaXKaMJIUK OYirya SHT MmacT MapKacu

Tor wuncnapu DETOH Khaccy
BI2,5| B15 | B20 | B25 | B30 | B35 | B40 | B45
Orpnd vukgan | 200 | BOO [ BOO | S00 [ 800 | 1000 | 1000 | 1200
Meramopid 600 600 600 60 00 | 1000 | 1000 | 1200
Uykunau 300 300 400 60 SO0 | 1000 | 1000 | 1200
:;;t:f;:i:m npl6 | Apte | apie | jip12 | Japi2 | Jips | Jps | Jps

WNupuk TYNIUpyBUMHUHT TaBCHsI STUIIAUTAaH TOHAJAOPIUK TapKUOU

-ﬁilp}iﬁ TVILHPYBUHHHHL Fiupm-: TiaHpyBurIars Qpakuusiap Magiopu, %
IHI AHPHK 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 -

Majiiga Tyaauprud

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

beToH KOpUIIIMaCHHUHT TEXHOJIOTUK Ba OETOHHUHT KYPWJIHII-TEXHUK X0Ccalapura
KYMHUHT TPaHYJIOMETPUK TapKuOW (MUPHUKIMK MOJYJW), YAaHTCUMOH Ba THJITYIPOK
3appaJapuHUHT MEKIOPH Ba CyB TalabuaHJIMTHU SHT KaTTa TabCHp KypcaTaiu. *

Nupummk Monymu 1,5—2 6ynran Kymmap neMeHT 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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beTton Ba TeMUp-0€TOH TEXHOJIOTUSIAPU
Kymummmuanap
beroH  KOpUIIMAacMHMHI  TEXHOJOTMK Ba  OETOHHUHI  KypWJIMII-TEXHUK

XOCCAJIapUHM SXIIWIAINl Makcaauaa KuMmEBUM kymumuanapaad doigananum ['OCT
7473 Tanabnapura MyBO(UK aMalira OIMPUIIaJIH.

TaBcus 3TUNaAUraH Kymmumyanap

FOCT 24211 o¥iinya

o ) Hamyna Muknopn® DoiaanaHiIIare caMapa
KVIIHMYATAPHHET CHH{H
CynepnnactHikaTopiap C-3, ], 0.4 — 0.8 |beToH ROPHIIMACHHHHT CYB
CMd TanatyaHIHT AR 20% 080 OpTHE
KAMAHTHPAIH
[TnAcTHENHEHH Ky4IH JICTM-2, 0,15—0.3 |beToH KOPHIIMACHHHHT CYB
OLIHPYRUIAp JITM, MTC-1 TanataHIHrHEe 20%raqa
KAMAHTHPAIH
[TnacTHENHEHH Y¥prada JICT, (0,1—0.2  |beToH KOPHIIMACHHHHT CYE
OLIHPYRUHIAp Y1IE, TanatyannHrHed 1 0% raqa
nig KAMAHTHPAIH
[InacTHENHEHH KaMm meok, Hak, | 0,05—0.1 |beTol KOPHIIMACHHHHT CYB

OLIHPYRUIAp IECE-10, TANAOYAHNHTHHEE 5% raua
[ECH-11 kaMaiiripanm, 3—35% xapo wanb
KHJIHIITHH TABMHHARHIH, COBVEKA
qigaMIinHEHH 30- 100 naknra
OLIHpaLH
Koppoana nuruduropaaps | HH, TEH, TemupheToHAa TH apMaTVPaHHHI
EXH, BXK KOPPOIHACHHH ONIHHH OULAIH

Hrox. ® % genenm saccacuaa suctamon K0pve sodda sucotuda,

1.4. llopTaanaueMeHT Ba YJIAPHUHT TypJapH.

[TopTnananeMeHT - MNOPTIAHALEMEHT KIWHKepHu, rurc Tom (5%rava) Ba

KYITUMYaIapHd MaluH KWINO TyWHUO OJIMHATUTAH TUIPABIUK OOFIOBUMIUD.

KyIMHKepHUHT MUHEPAJIOTHK TAPKUOU

3Ca0-SiO; -yu kanbiuitan cuukatr -CszS-anmut 45-60%
2Ca0-SiO; -ukku kanpuuiiim cunukar-C,S-6emur 15-30%
3Ca0-A1,03 -yu kanbiuiinu amomuHaT-C3A - 5-15%
4Ca0-A1,03:Pe;O3 -1ypT Kanbiuiiinm amomodepput — 19-20%

Ilementna 6ornaamaran CaO muknopu 0,5% nan 6ormaanmarad MgO muknopu 5%

JlaH OIIMACIIUTH KEPAK, aKC XOJAa XaXMH Y3rapuIlid HOTEKUC Oyaam.
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KinHkepJapHUHT KjIaccupukanusicn

Knunkep TaxmuHuit MUKI0D, %0
CsS C,S CsA C4AY
Anvtimn 60 kynu 15 kamuna - -
Omtan
Hopman (anut 60...37,5 15...37.,5 - -
MUKJIOPHUTa Kypa)
bemurnn 37,5 37,5 xynm
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. ®oiigananumura Kypa:

*  YMYMKypHIUII y9yH,

*  Maxcyc.
2. KINHKepUHMHT Typura Kypa ueMeHt.Jiap:

* MOPTJIAHIIEMEHT KIMHKEPU aCOCHUIA;

*  THITYIPOKTH (FOKOPH THITYIPOKIIH ) KIIMHKEP acOCHa;
cynbdoamtomuHar (-heppuT) KIMHKEPHU acocua

MuHepan KYIIMMYAHUHT TYPH Ba MUK/JIOPHU Xap OUP KOHKPeET eMeHT

Typura Kapa6 yerapananaau (I'OCT 31108-2003)

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

yerapajiaHaiu.
. IIEM | —mopTinananeMeHT;
. HEM |l — muHepan KymuMyaay NOPTJIaHILIEMEHT;
. Hewm Il — muakiau nopTiaaHIIIEMEHT;

. HEM |V — nynuionas nopTJIaHIlIEMEHT;
. IIEM V — KOMITIO3UIIMOH IIEMEHT.
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LemeHTHHUHT aw&emii Tapknbn, macca Byiiuua, %
UzmeHt AcocHii KOMROHEHTAAP
i HOMUHWHT FpaHynanaHran Fnnem Ekn Eppamum
Hemer nomw Puc?aua Mlopraanpuement pomHa Exn 3TD | Myuyonan Yayeuan kyigupunran | Mukporpenrezém | O? anTow | KOMNOHeHTAAR
Benrunannwm KAHHKERH wnam Kyn cnaney
Kn. L. n 3. r MK ]
Moprnanguemenr LEM 1 95-100 - - - - - - 0-5
Murepa n LIEM I1/A-LLI 30-94 6-20 - - - - - 0-5
Twumuanu**
wnaKkan LEM II/B-LLI 65-79 21-35 - - - - - 0-5
nopTAIHALEMEHT
AyuuonaH LEM II/A-N 80-94 - 6-20 - - - - 0-5
YMYBYAH Kyn LEM II/A-3 80-54 - - 6-20 - - - 0-5
|
FAHEMAH EKK
Kygupuaran LEM II/A-T 80-94 - - - 6-20 - - 0-5
enaHeLn
MUKpokpeHezEman | LIEM II/A-MK 90-94 - - - - 6-10 - 0-5
o?aKTownmn LEM II/A-M 80-94 - - - - - 6-20 0-5
Komnozuuyon*** | LIEM II/A-K 80-34 6-20 0-5
1]
T e UemIII/A 35-64 - - - - - - 0-5
MOPTAIHAUEMEHT
NyyyonaH
v g LEM IV/A 65-79 21-35 - 0-5
K
N i S a0-73 1130 1130 . . - 05

*KaTTanuk LeMeHTHUHr acocuii Ba EpAamMu KOMMNOHEHTAAPHWHS, runcaaH Taw?apu 100% aeb ?abyn PuanHranm.

** LEM I TypRarK LemeHTAapHHHT HOMA3PMAA (KOMNOZMLMOH LemeHThaH Taw? apn) «muHepan ?Ywnmuanap unaH» geraH cyzHHHr acocnii
KOMMOHEHTAZ PHUHT = MUHEPan ?YLWKMMUanap HOMMW Kypeatunagm.

**% Munepan ? Yluumuanap TypnapiH1 yMyMAaLIT PUAYEM —aCOCMI1 KOMMOHEHTAP LEMEHT HOMMZA KYPCATUAMILW 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
MaKCaJM/a YHY IYJIaT apMarypa OulaH KydJIaHTUPUIAIn.®

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

MurMa Temup-6€TOH MAaxCyloTIapd 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:
LHEMEHTIM OETOHIap-OFUp Ba OJAMM 3UY TYIAUPYBUWIAp acoCHA, allOXHla OFUP

5> 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
KYJIaHWIaqurad OeToHIap 3U4Inrd Oyitnua yTa orup GeTonnap suumuru 2500 xr/m®
NaH 10KopH, oFup Oetonnap 3uunura 1800-2500 kr/m3, enrun Getonnap 3uumuru 500-
1800 kr/mM® Ba yTa enrmn Oertommap 3uuamrd 500 kr/mM3 naH KaM  (MCCHKIMK
YyTKazMauran) Oymaau.

Apmatypanam  Typura Kapad  TemMup-OeToH  MaxcyjloTiapu  OJJIMHJaH
3VPUKTUPUIITaH Ba OJINI apMaTypJiaHraH Typura OYInHau.

Maxcynot Oup Typaaru OeToHIaH Tal€piaHraHia TYy3WIHMIIWTa Kypa SIXJIUT Ba
WY KOBaK; OMp KaTjaamuiid, UKKM KAaTJamiid, KYT KaTjJaMiiM, Xap Xl OeTOH TypujaH
Ta€pnaHraH €KW TypJM MaTrepuaulapHu KyJUlall, MacallaH MCCHUK YTKa3MaWJWraH
OynmumM MyMKuH. bup Typaaru teMup-0€TOH MaxcyJoTiapu Oup OupuaaH YadoBiIapu
OwiaH, MacanaH JieBop 0JIOKH, Oypyak OJIOKH, Jiepa3a OCTH OJOKM Ba Oolikaiap OuiaH
dapknanagu. bup Typ ¥iadoBmarm maxcysioTiap Mapkaiapra HucOaTaH OYJIWHUIIU
MYMKHH.

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

MurMa TeMup-GeTOH MaxCy/IOTIapHHU KYJUIAaHUIIMTa Kypa: yii-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 WIUIOB Tanad
KWJIMauurad, Oe3aaMaiIural XoJaT/aa eTKa3uiIaau.

Ha3zopar caBoJsiapu:

1. beron Mapkacura kKypa lIeMeHT MapKacH Ba TypH.

2. Kym Ba tiupuk tynauprudaunr noHagopiuk Tapkuou ['OCT rtamaGmapura moc
KenumuHu. KyMHUHT Malga-WMpUKIUTUHU Ba CYB TajlaOuYaHIUTHHH. ﬁHpHK
TYJIIUPTUYHUHT KOHCTPYKIIMSI KECUM F03acu OYHNYa MOC KEJIMIIIHU.

IlemeHT-CyB HUCOATHUHH.

4. CyB-1IeMEHT HUCOATHHH.

w

doiiganaHWIrad axaduéraap:

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., HyputounoB X.H. beron Ba Temup-06eroH Oyromuapu uiuiad
yukapum TexHosoruscu. Jlapcnmuk (AxkpamoB X.A., HypuramuoB X.H., Tormikenr,
TAKMH, 2010 #tun 592 Ger.

2-maB3y: beTon kKopummacu.

Pexa:
2.1. IleMeHT KOTHUIIH kapacHHU.
2.2. lleMeHT rugpaTanusacy Ba IIEMEHT XaMUPH X0CCAIApUHU aHUKJIAII.
2.3. beToH KopHIIIMaTapUHHUHT X0CCajapH Ba YJIapHH aHHUKJIAII yCYJUIapH.
2.4. beToH xoccalapura TabCHp 3TYBUH OMUILIAP.
2.5. Kypuauin uHaycTpusicuaa SHEPTUS TSKAMKOPJIIUK.

Taanu uoopanap:. cys-yemenm Hucoamu, 2uopamayus, Cmpykmypa X0cu
OyIUWIU, YeMeHm XaMupu, X08axkaiap, Kanuuiap X08akaiap, 2eiiu X08axkiap, Komuul

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

2.1. IleMeHT KOTHIIIH KAPAEHH.

Hydration stages

Ilustration of tha “hydrate® phases and structural dewelopement during
hydration 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 10 hours

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

[leMeHT KOTUIIIKA CTPYKTYpA XOCHII OYTUITUHUHT OOIIAHUIITN

CE 60
Instructor: Paulo Monteiro

!Review — Identify the crystal
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Fig. 1.5, Composition of Cement Paste 21 different stages of hydmtion.

CyHbui TOII XOCUIT GYIIMII 1aBpyuaa (pa3aJapHUHT Y3rapuim’

¢ 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.

Matarial Comprasawe sramgth WRe Hexural Srengthr MMFa
Hardaned Concorate
4 howurs 17 3.45
1 day 34 5.582
28 days 58 827
Hardanad Moriar
Z howurs 17T —
3 howrs 24 4.1
1 day 41 5.9
T days 58 10.3

|

|

T
£

—~

Jmm

LleMEeHT KOTHII KapaéHUHK YpraHum yuyH ac6o6map.®

AN
0.5mmen = \

). S—
I A
\ # Split not more than 0.5 mm

N ¥

_1__._.__ a——r Glnss plates
£7

Autamatic / Manual S fre
Mortar Mixer.

165mm ——=

Inm dia

Heat of hydration Apporatus

beToH KoprumIMaJIapMHUHT 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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beron Ba TeMup-0€TOH TEXHOJIOTHUSIIAPU

KyWiap, MOJIEKYJIAp Ba KalWuIAp ¥3apo TabCHUPJALIYB KyWIMPOK HaAMOEH Oynaau Ba
yJap CUCTEMAHUHT OOFJIAHUIN JapakKacuHy omupaau.’

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 (KOJMITHHU) TYIUPUIIL
xKapaCHUIa  XapakaTYaHJIUTU(OKYBYAHIIUTH), I[UJIACTUKIUTH, SbHU  EpHIIMAclaH
nehopManysUTAHAIINA OWJIaH aHUKJIaHAIH.

0

BeTOHHUHT XapaKaTIaHyBYaHIUTH®

Horsh
concrete

Uworkatile

Meadum
workabilty

genaraly
workobhia

Mgy
woekable
concreta

BeToH KopHUIIMacHHU OCOH KOJIMIUIAL, KOMIIOHEHTIIAp OpacHIary UIKaJaHHII
KYyYHHU MACaUTHUPHII BA YHUHT OKYBUYAHJIUTH OPTHUILNNTA KYHHIAIH OMHJUIAP TabCHP
STaIu:

(a) Kopuuwimaoazu cys muxoopu,

(b) Komnonenmaap nucoamu,

(¢) Tynoupysuunap ynuamu;

(d) Tyroupysuunap waxau,

(e) Tynoupysuunapnune 103acu mekcmypacu;

() Tynoupysuunrapnune conumwmupma cupm ro3acu,

(9) @ouoananuncan Kywumuanap mypu 6a MUKOOpu

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

10 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005 p.219
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beron Ba TeMup-0€TOH TEXHOJIOTHUsIIApU

beTroH KOpUIIMACHMHUHT TYpJiM HIAPOUTIAPAA Y3UHH TYTHIIMHU TabpUdIall yuyyH
YHUHT PEOJIOTUK XapaKTepUCTUKaAIapuAaH (oianaHaauiap: CypuIuliary yerapaBun
3YPUKUII, peJlakcalrs JaBpU Ba KOBYIIKOKIHUK. ByHIail XyCyCHSITIIApHA aHUKJIAII YUyH
BHUCKO3UMETpJIapAaH (oiiianaHuiaiu.

bynnait  taxpubanap acocaH WIMHNH-TaIKUKOT abopaTopusiapaa amaira
omupmwiaad. Wmmad yukapuin [mapouTiapuaa 3ca ojaTAaa OeTOH KOpPUIIMAacUHU
XapakaTyaHIMIuHN (OKYBYAHJIMIH) TYypJIM Mociamaiap €paamuia Ha3opaT Kujiaauiap.
By xwuxo3zmap Te3 Ba HucOaTaH oAAWil xoJjila OETOH KOPHUIIMACHHUHT 3apypuid
XapaKTEPUCTHKATAPUHU OJIMII UMKOHUHH Oepaii.

beToH KOpUIIMAaCHHUHT KONIAITYBYAHIMTHHY YIIdaIl

beronHuHr wunuioB OepyBUaHJIUTH Mypakkad xoccaaup. UIyHMHr ydyH aHUK
Vnounapuu Oaxkapuin KuduHaup. Kymnmad TaakukoTuWiap TOMOHHMAAH Oy XOCCaHU
VpraHui y4yyH TYpJIM yCyJlap Takiaug STHIraH Ba yiap Oakapuiauiuu Oyitmua Oup-
Ooupra yxmamup. Opatna O€TOH KOWIAIIYBUAHJIMIMHM Yiadall Yy4YyyH KyWuzaaru
CUHOBJIap Oakapuiaau:

. (A) Konyc uykumiu;

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

" /I&Ih-:lz

L

W /E-.l Thick

' ‘
30 i ‘ ' At Least

[~

1
6 | |
20 Dia

Al dimensions in Centimeters

A ' '-_.r

True Slump Slheear Collapse

KoHyC 9YKHINMHN aHUKIANI YCKyHacH !

11 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005 p.222-234
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beroH Ba TeMup-0€TOH TEXHOJIOTUSIIAPH

Sarn 0eToH KOPUIIIMACUHUHT HIILIOB OepyBUYaHIATH BaKOJINIITa
KOMITAITYBYAHIIUTUHU aHUKJIANl y49yH unuiab uumkapuirad. Kypuimanan Kypuidii
MaioHUIa XaM (oigalaHuIll MyMKUH.

beton KOPpHIIMACHUHUHT OKYBYAHIIMTHHU aHUKJIAII acooou

LA |
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beron Ba TeMup-0€TOH TEXHOJIOTHUSIIAPU

~=—20Cmm —

|30

T0Cmm

Flow Table Test Apparatus

Y6y ac600aH KOPUIIMAHUHT KaTJaMJIaHYBUYAHJIWTH Ba CYB aXpai0 UYUKHIIH
Vaganina goiigaiaHmaaun
CWJIKUTHUII TabCUPHUA OETOH KOPUIIIMACUHUHT OKYBYAHIMTHHHU aHUKJIaIl acOo0u

Kelley Ball Penetration
Apparatus

Veaae-Baee Consistometer

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) o Gepum (mapaosnami). 2

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

Age ot | Test

2 e

7 days | —t

Compressive Strength {MFPa)
=

i & 4 i B 10
Time af Mixing — Minutes

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

3amoHaBuii OETOH 3aBOATIApU

‘Waar film = wrface wrea

Kap

© = camane partich

#a. = fina sgpregars partich
3= caurs agprega partichs

"Waer [ling the
incaresning soid

betonna kopummacua CyBHUHT TapKAIHIIIH

Sand Particle

Cement grain
Calcium hydroxide

Lanat
10 microns

Instructor: Paulo Monteiro Courtesy Prof. K. Scrivener
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beroH Ba TeMup-0€TOH TEXHOJIOTUSIIAPH
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Fig. 6.1 1:  Saress strain relations for cement paste, aggrogate, and concree

beton MYCTaXKaMJIMTMHUHT CYB-ICMCHT HHCcOaTHra 60FJII/IK,J'II/IFPI

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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beron Ba TeMup-0€TOH TEXHOJIOTHUsIIApU

KK

S00K

T-day endaprisaive strength — MPa

—{ 4N

0 I — 3KKE
Az 0.3 ihd 1] 0.6 0.7

Walerieement ratie

Fig. 606 Infuence of the ageregatelcemint ratio on strength of concrete
{From: B, G, SINGH, Spaalce surfaoe ol apgregales related to
compressive and Aesural strength of concrete, J. Adwmer. Coner. fnar
54, pp BAT-907 (Apnl 19580

Ha30paT CaBOJJIApH:

beToH KOpWIIMAacHMHUHI CyB Tajab4yaHauru Oyiinya 1 M3 OETOH y4YyH CYB
cappuHu.

Ilement capdunu. AHHKIAHTaH [IEMEHT MUKIOPUHM MHHHMaJl pyxcaT
ATUJIAIUTAHUOWIIAH COJTMIIITHPHIIL.

3uu OeToH KopuIIMacuHU oymil yuyH 1 M3 OetoHra marepuamiap cappuau
xucobani.

beron Tapknbunu Maccacu 6yiinya HUCOMIA Yaamiapaa xucoOmarnl.

DoiigaaHWITaH agaduéraap:

Neville. Adam M. Concrete technology / A.M. Neville. J.J. Brook*. 2nd ed. p.
cm. Second edition 2010.
Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company

Ltd. First Multicolour Ilustrative Revised Edition 2005.

3.
4.

Li, Zongjin, Dr. Advanced concrete technology / Zongjin Li. WILEY. 2011.
The Science and Engineering of Materials, Sixth Edition. Authors Donald R.

Askeland, Pradeep P. Fulay, Wendelin J. Wright. 2011.

5.

AxkpamoB X.A., Hyputaunos X.H. beron Ba Temmup-06eToH Oyromiiapu HILIa0

yukapuin TexHojoruscu. Japcauk (AxkpamoB X.A., Hyputouao X.H., TomikeHT,
TAKMH, 2010 #iun 592 Oer.
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beron Ba TeMup-0€TOH TEXHOJIOTUSIIApU

3-maB3y: beTonsap Ba KopuimMaiaap ydyyH KUMEBUI KyIIuM4aap.

Pewxa:
3.1.beron Ba TeMHpPOETOH KOHCTPYKIUSUIApHU Tai€pnama (oiiaanaHuiaguran
KyIuMJanap KiacCu()uKaIusCcy.
3.2.I'paHyJIOMETpHUsIHM  ONTUMAUIAIITHPHUILAA  KYKYH  TYJIOUprU4iapiaH
doitnananum.
3.3.Maxcyc okopu mycraxkamiukka sra 6etod (UHPC-100-150 MITla).

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

3.1. BberoH Ba TeMHUpPOETOH KOHCTPYKIUsUIaApHHU Taliépaamaa doiiga-
JAHWIAAUTAH KYIIAMYAJIAP 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 - NIEMEHTHU UKTUCOJ KWINII y49yH
¢olinananub, 3ud Ba MycTaxkaM OETOH OJIMII HMKOHUHU Oepamuiap.t

Table S.22. Classification of AdmixturesS-20

— Accslerating A aLirs

- Facing/piast] |

L,
{concretemortar}

(e

Adr-cniraining
(morar plasticiser}
Crasnpprooling {Repellenlh
Pet By redacioge
Adinixhares - (pressure resisting) Herradess
Pummping — Acccleratoss
T Growting materials ————— WiRber rotadmers

— Alkali-sggregate reducing—Lithsurn/Barium salis

Crramulated iron
— E iom prosdsci imou

B

Superplasiscisers
Sodium benzcaic
P

Folyvhalogenated phen-ols
— Fumppicsdes —————— [rieldres enulsion
Copper compounds
— Mfiscellamesoas S i Tribatylphosphats {TEBP
— Eribucylphthalate (DEFP)
 Adumisiam
Gas Former - Magnesizm
— Fioc

— Fi 1 Folseel olyies
I Pigments
— Resins (bonding agents) — PWIEC, PWA, Acrylics, SE
Finely divided mincrals Cementitious Hydrauwlic lime
L siap ¢ooes)
— Riss bmsk ash
- Fly ash
— Parrolamic —— Silica fioame
— Cablrined clay
Mriatomaceous easth
— W=lc
Hydrated lime
Quaars porwrder
Ciround lrmesione

— I=merl

_ Beniooite

KuMEBMI KYIIMMYaTapHUHT KIacCHpUKamusacu >

14 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005
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beToH Ba TeMup-0ETOH TEXHOIOTUSITIApU

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
KyIIAMYaJiap;

— CrabwuioBun — 0€TOH KOPUIIMACHUHU KaTIaMIIAHYYaHJIMTMHU OJIUHU OJXYyBYU
KyluuMyaap.

* DBeTOHHUHT KOTUIIM Ba OETOH KOPHUIIMACUHUHT TUILJIAIIUIIMHA OOLIKAPYBYH
KyluuMyasap:

— beroH KOpHMIIMACMHMHI THULUIAIIAIOMHU  TE3JIATYBYM  (CEKMHJIATYBYHM)
KyIIAMYaJIap;

— beroH KoTMIIMHY TE€37aTyBUM KyIIMMYaiap;

— DbeToH KOTHIIMHM TallKM MYXUTHUHI MacT Xapoparuaa XaM KOTHILIWHU
TabMUHJIOBYM KYIIMYasap.

* beroH kopuimmacu Ba OETOHHUHI FOBAKJIMIM Ba 3UWIMTHMHU OOUIKApYBYH
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.

* T) MaxcyJomyiapra HaM-HCCHK uIuioBu Oepum BaktuHu  40%raya
KUCKapTUPHUIL, KOJUIAAH €4uO OJMIIHM, MOHOJMT KOHCTPYKLMsUIapra IOK KyHHII
BAKTUHHU TE3JIAIITUPHIII,

* /) KUII BaKTUJa KOJIMIJIAHTaH OETOHJIapra MCCUKJIMK MUIUIOBUHM OepmacaaH
KOTHUPHUIII,

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

*  K) OCTOHHUWHT 3UYJIUTH Ba YTKa3MaCIUTHHY -2 Mapkara OpTHpUIII;

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

KymmmyanapHuHr ajnoxuaa KiaccupurKaums rypyXJapuHUHT Tabpuduaapu.

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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beron Ba TeMup-0€TOH TEXHOJIOTHUSIIAPU

* Ilnacuxnosuu Kywumyanap— 6€TOH KOPUIIMATAPUHUHT XapaKaTIaHyBYaHIUTH
€KUM SKOMITAIIyBYAHIMTUHA OUIMPYBYU CUPT-(aosl xoccaiapra sra mojajanap. Temup-
OCTOH  KOHCTPYKLMUIAp  TEXHOJIOTHSCHAA  KYIIMMYAJIapHUHT  IJIACTUKIOBYHU
camapaiapugal (poiganaHuil MaxCyJIOTIapHU KOJUIUIAIHA OCOHJAIITHPATu 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 KaTJIaMJIaHUIIUHU
nacaitupuira €paam 6epyBur Mojanap.

* KVynuk Xocun Kuayeuu Kywiumuanap — 3apyp XaXM OPTHUILUIA Ba TYpPFYH
TEXHUK KYTIHK OJMIIBAa OETOH KOPHUIIMAacH KOMOHEHTJIAapu OWjaH apasaliTHpUIraHia
sueiikaa €K CEOFOBAK CTPYKTYPAaHH XOCHUJ KUJIMII WUMKOHHUHHU OepyBYH CHPT-(haoi
moanap. e

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 KylIMMYalapHU KYIIHMII KUCKA BaKTJIapaa 3apyp
MyCTaxKaMJIMKKa SPUIINII, 0ab3W XOJUlap/ia IOKOPU CYHTH MyCTaXKaMIIMKKa SPHIIUII
MMKOHUHU Oepaju.

* bemon _mycmaxkamnucunu owiupysuu Kywiumuanap - OCTOH 3UUWINTUHU
OpTUpUO, YHUHT CYB YTKa3MaclWK Ba COBYK TabCHUPHra YHUIAAMIIMTUHU, MabIyM
XoJulapjia TYpJAW arpecCuB MYXHUT TabCUPHUAA KUMEBUM YUIAAMIIMTUHU OIIMPHII
WMKOHMHHM OepyBuH (CYB capPuHU KaMaWTUPYBYH ) KyITUMYaIap.

AKpHII aCOCIAry SIHTH aBJIoJ| CYNEPIUIACTH(UKATOPUHUHT TabCUP MEXAHU3MH’

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 Kamwuiapiap JIeBOpuUra
ruipodo6 (CyB UTApHIIl) XOCccaJapuHu OepyBUM MOJIalIap.

CyB-11eMeHT HHCOATH.

CyB-nieMeHT HucOath O€TOH XOCCalapUHU  OCJNTHUJIOBYM DHI  MYXHUM
napameTpJapaad Oupuaup.

Haszapuii uxaTnaH LEMEHTHUHI TyJla THAPATALMACKA YYyH YHHMHI Maccacura
nucbaran 22-25% cys Tanab stunagm. '8

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

Yoy HeMeHT y4yH CyB MUKIOPWHU NMACaUTUPUIL Ba LIEMEHT 3appajapyuHu Oup-
Oupura SIKMHJAIITHPUII Y4YyH Ba IIy OwWigaH Oupra KOTraH LEMEHT TOLIMHUHT
3UYJIUTMHY  OUIMPUII MYXUM Macanaaup. by 5sca MycTaxkaMJIMKHM OpPTHUIIM Ba
VYTKa3yBUAHJIMKHY MacalTHUpUILTa 010 Kellau.

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

39



beron Ba TeMup-0€TOH TEXHOJIOTHUSIIAPU

beron Ba Temup OeToHIAp YUyH KyKYHIU KyIIUMYaiap

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

cylinders, using Type | portland cement and moist-curing at 21°C (70°F): (a) air-entrained concrete, (b) non—air-entrained
concrete. (Kosmatka and Panarese 1988)
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HeMeHT TOINMHUHI FOBAKJIapH

* beroH MycTa\kamiMra Ba yMpOOKHUIMIH X&KMUHHHT Y3rapMaciurd IEMMEHT
MaCTaCHHUHT TUApaT (pasacura OOXJIUK.

» Kotran nemeHT nmacracuaa UKKH X FOBAKIAp XOCHI OYaIu:

* - TeINBJIA XOBaKJIap;

* -KamnmuuIsIp FOBaKJIap.

* Opatna 6eToH TapKUOWIa XaBO XaM MaBxXyJ Oyiaam.

IleMeHT TOINMHUHT FOBAKJIAPH
I'ens roBakiapu C-S-H katnamnapu opacupgaru Kanuaiura 0,5 maH 1o 2,5 HM
raya Oynran ¢aszo. V3 wnuwra KaTiamiapapo ¢a30, MHKPOFOBAaKJIap Ba KHYHK
W30JALUSUIAHTAaH  KallWusipjiap FOBAarMHU Y3 HM4YMra oJiaad. MycTraxkamidK Ba

S'/TKaEIYBLIaHJIHKKa KaM TabCHp J3Talu. KI/IpI/IIIII/IHI Ba CHIDKHIIIa TabCHP OSTHUIIH
19

MYMKHH.

Capillary Pores

C-S-H
Framework

19 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005
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Pores
emply
EEIAARAERRRAARI
1| Gel pores ||
Hydration
products
Il
wlc = 0.30 0.40 0.50 0.60 0.70

Increasing w/c ratio

(®)

() Unhydrated material ;% C-S-H
I\)f\(l)iesr-fllled capillazy Calcium hydroxide

FIGURE 4.7

Schematic outline of microstructural development in portland cement pastes:

(a) initial mix; (b) 7 days; (c) 28 days: and (d) 90 days. (Calcium sulfoaluminates are
included as part of C-S-H for simplification, although they crystallize as separate
phases.)
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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 Mlla)
* JOKopu dycTaxKaJInK
* BeTOHHWHT TEXHOJOTUSICH FOKOPH
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Composition of UHPC

Silica fume

PCE -
superplasticizer

Quartz sand

Quartz powder

water

Micro steel fibre

cement

Basalt gravel

Aneu maiépnanzan UHPC xoccanapu

UHPC mycraxkamaurura

= XOM aIi¢ TapKkuou

* apaJTAlITHPHII
Cyneprutactudukarop Typu Ba
MUKJIOpY TabCHUP ITA]H.

UHPC nauar 6up yku 6yitnua
CUKWJIMIIJATH MYCTaXKaMJIUTU
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Properties of UHPC in Uniaxial Compression
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Table 7.8. Composition of Experimental Concretes Produced in a
Ready-mix Plant™® (Iln W.5.A.)

Concrate fype Feference  Hiice fume Ry ash Sag + silica fume

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

ASTM Type Nl kgfm* 450 425 365 228 1648
Hlica fume kg m* - 45 - 45 54
Fly ash kg/m* - - 85 - -
Hag kg/m* - - - 183 320
Dolomite limesone 1100 1110 1115 110 1100
Coarsa aggragala ka/m*

Fine aggregate kg!/m* 815 810 810 800 730
Siparplagticizer” L'm?* 15.3 14 13 12 13
Sump after 45 minutas (mm) 110 180 170 220 210
Srength at 28 day  (MPa) 8a 110 80 105 114
Srength at 91 day  (MPa) 109 118 111 121 126
Srength at 1 year  (MPa) 118 127 125 127 137

* Sndiurn ==t of a naphthain aulphonate
YTa roKOpu MycTaxKaMJIMKKa ra OETOHJIAPHUHT TapKuOIapu
Tab. | Examples of mix proportions and resilts o mechanical sirength

Type of material umdt [ Mix1 Mix2 [ Mix3 Mixd4 Mix 5 | Mixe

CEM IV/A-5 42,5 R + slag + microsilika kgm' | K3l BT0 | 626 | R4D | 8RO | 980

Ciround quartz filler kgm' | 0 I 255 | 10 | 3D 50

Steel microfiber 1340,2 mm kgm' | 100120 | w00 | 1200 | 1200 | 120

Sand 04 - type [ kg'm' | 1216

Sand (V2 - type 1 kg/m' 871

Sand 02 — type (11 kg/m’

Sand 02 - type [V kg/m’ 1235 L0 | LETT | L

Super plasticizer kg'm' | 40 4 40 i Ell] il

Water kgm' | L6S 160 | 165 | 16D | l&D | 160D
Test vesults after 28 davs of curlng In water - EN 1%%-1

Bulk density kym' | 2380 2450 | 2400 | 2430 | 2450 | 2470

Compression strength MPa | 1435 133 | 1325 | 1633 [ 17335 | 189

Bending strength MPa | 289 3l e 2 M2 | M

UHPC rapku6u (Macca 6yiin4a, %)>°

20v4il 3. 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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Compresive
Relerenee Cemenl WIC ralin Fiher SCM Cuaete powder | Super-phisticieer Kimd P
slrenplh
BEC % 0.2 ETET DRRF) % 1% didg 2on MPa
Honngau e 127 515} DRRF) L i3] 415 190 M
HIR T .14 %i5) D%ul5F) i h 4% 60 MPa
E&l 1% .19 £l ThaSF) 1% I* 5% i MEa
Wikl 1% .11 0.00T4(CHT E%d5F] % 0.I% 44% 114 MFa
Ahlbien it .20 ISR P Pra 1% Pre 194 MEFa
Yail J. Kim. Recent Advances in Ultra-high Performance Concrete. J Rec Const Resources Vol. 1, No. 3 1(3)163-172(2013).
UHPC Tapku6u,%
Wl =
Fercapai— ol e wloe el LPHIST.
Sl atleriak UHMC1 (15 F B L=
T g s [T |
CERA D S35 R o v ] H12 [EE e
Lirsa-alsy res L] DERZ S [
jnarce L] [ g e |
Ealll e el =213.7 213.7 2157
=l -2 L 1057 (L= N
Bl more—a b Lk =13 =13
W e e | e | oo
S g L e ne L | = 5 = 5
W e e e O A L [ Bl 03% ED

Kyiiniran kopumma 3acu «®@uia tepucu' yxmaran ssaru taiépaanran UHPC
xoccacu (Taiiépianranaan TaxMuaan 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

Elements

-
o

®
Upper chord .@

Tension
element

UHPC-joint

Post

©) UHPC-joint

Lower chord

@

The Gartnerplatz Bridge
Bending Test

Crack spacing << Crack width <<

‘U STATIC EQUILIBRIUM

The Gartnerplatz Bridge

Structural Analysis
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The Gartnerplatz Bridge
Precast UHPC Element for upper chords

UHPC - Stair without Conventional Reinforcement

Comparison

Conventional UHPC-
stair stair

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

Mass 2.125 kg 515 kg

Figure 8: Four bending test. Example of deflection observed with sprayed Ductal” mixes at 28d
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Ha3zopar caBoJsiapu:

1. betoH KOpWIIMAaCHHUHT CyB Tajdabuanyuru Oyiimdya 1 M3 OETOH y4yH CyB
capduHH.

2. llemenT capduHN. AHUKIAHTaH IIEMEHT MHUKIOPUHHM MHHUMAlI pyxcar
STUIIAUTaHUOMIIAH COJTUIIITHPHILL.

3. 3uy OeTOH KOpHUIIMACHHM oJidil yuyH 1 M3 OeToHra marepuaiiap cappuHu
xucoOanmi.

4. betoH TapkuOMHM Maccacu Oyilmya HUCOMH Yiyamiapaa X|UCcoOarll.

DoigaJaHIITaH a1a0uéTaap:

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

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

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

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

5. AkpamoB X.A., HyputaunoB X.H. beton Ba Temup-6eToH Oyrommiapu uiiad

yukapuin TexHojoruscu. Jlapcauk (AxpamoB X.A., Hyputouao X.H., TomikeHT,
TAKMU, 2010 itmn 592 Ger.

4-maB3y: MoHOJUT Kypuanin/
Pewxa:

4.1. Ymymuil MabJIyMOTIIap.
4.2. Kyiima 6eToH. Xoccamapu.
4.3. doliganaHUII COXAJIAPH.

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

4.1. Ymymuii MabJIyMoOTJIap.

Monoaut Kypuiaum — TeMup-OeToHAaH OMHO Ba WHOOTJAPHH Oapro KWJIHIII
TEXHOJIOTHSICH OYNu0, y KMCKa BaKT WYUAA Xap KaH[all OamaHIIWKIard Ba IIAKJIIard
OMHO Ba MHILIOATJIAPHU OAPIIO ITUILI UMUMKOHUHH O€pyBYM TEXHOJIOTHSIAUP.

MOHOJIUT KYPWIHII KyHHAATH ACOCHH TEXHOJOIMK 00CKM1WiIapaaH uoopar:
* Apwmarypa KapKacllapuH{ YpPHATHULI;
e OmnanyOKa (KOJIUILIAp)HU YPHATHILL
* beronHu Kyiui,
* Kyitunran 66TOHHM UCUTHUII (KWL BaKTH/IA);
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* beroHHUM nmapBapuIll KWINIL,
* Konumnapau eun® onumi.

MoOHOJIUT OETOHHMHT AB3AJITHKJIAPH:

e HMunutapHuHr T€3 OaKapuiInIIy;

* 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,
KOHCTPYKIIUSI MYCTaXKaMJIMTHHUHT OPTHUILIY YHUHT YMPOOKUNUIUTUHU OPTUPATIH;

+  IOKOpHM COBYK TabCHUpHIa YHIAMIIIINK.?

HOxkopunarmnapra kapamail MOHOJUT KypPWIMIIHUHT MabiIyM Japakana
KaMYUJTUKIIap MaBxKYy/l

-KapKac —MaHeJJIi KypuIMiira HucOataH MEXHaT Ba Xapa)xaT )KHUXaTUuIaH I0KOPH;

- MHXXEHEPJIMK TU3MMIIapU Ba MYpujap aBBaJIJaH Ky3[a TyTHJITaH XoJja 0apmo
STUJIMIIM  KEpaK, YyHKH KEHMHYAIMK MabiAyM Y3TapTUPHUILIAPHU  KUPTU3HUII
KUUUHYUITUKIIAP TYFUPAIH;

- beronnam unuiapu +5°Caan 10KopH Xapoparaa 0akapHIUIIK JO3MM, ITYHUHT
YUYH KUII KyHJIapy O€TOHJAII UITapu OETOH KOPUIIMACUHU UCUTHII (OaXkapuiiaauran
UIUTAPHUHT CU(ATUHU TACAUTHPHUIN Ba DHEPrUsl XapakaTIapuHU OPTHUIIUTAa OJUO
Kenaau), €KU KUII BakTiapuja OCTOHJIAIl HIJIAPUHHU Oakapulll MMKOHMHH OEpyBYH
Maxcyc Kymumuaiap/aH (Gongaianuiil 3apyp.

- IOkopu mMycTaxkaMJIMKHU Ba KOHCTPYKIUSHUHT MOHOJMTJIIMTUHHU TabMUHJIAII
y4yH OCTOHJIAII HIIJIApH Y3ITyKCU3 Ba OMp Heva MyHaIuIIIa OaXapuiTuIy JIO3UM;

- beroH xopuIlIMacuHU 3UYJIAll HUXOSTAA CU(DATIN aMalira OUTUPUIUIIHT 3apyp,
aKc XoJiJa Xap KaHJan xapakaT campacu3 OYIUII MyMKHH;

- Temup-0eToH neBOpAap FOKOPU UCCUKIIHUK YTKA3YBUAHIMKKA 3ra, IIIYHUHT YUYH
KYIIMMYa UCCUKJIMK U30JISIUS UIIUIApUHU Oa)kapull 3apyp OViaau;

- MOHOIUT KOHCTPYKUMSUIAp XOHaJapAard TOBYII HW3OJSLUACUHU €Tapiu
napaxkanga TabMuHIa0 Oepa onMaiinu (aliHukca 3apOajaH ro3ara  KejlaJura
TOBYIILIApAA.
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Mounonut Kypununina ¢oinananuiagd O0eTOH KOpUIIMalapy KYpcaTKUUJIapUHUHT

MEBEPU
JKoiinairyBuaHink
JKolnanryBuaHinuk sy T
Oyiinua MapKacu Guxpiuk, C XapakaTriaHyBYAHIIHK, p
’ cM
X1 1-10 - Vpraua 6ukp
I11 - 1-8 KaMbapakaTyaH
I12 - 8-16 XapakaTuaH
I13 - 16-24 FOxopu xapakaTuan
14 - 24u Gonee Kyiima

Typau KOHCTpYKUHMSUIApHU OETOHJIAII YUyH O€TOHKOPUILIMACH
KYPCAaTKUWIAPUHUHT TAXMUHUM Japakacu

XapaxaTiaHyBYaHIIHK
Konctpykuus typu (KY), oM

[ToiineBop Ba MoJuIap OCTH TYIIaMacu 1-2

MaccuB, apmaTypaianMaraH Ba culipak apMarypajaHral 2-8
Kapxkacnu, Temup-6etoH (muutanap, Oankanap, KOJIOHHANAP) 4-12
34 apMaTypajgaHraH TeMHP-0eTOH 8-16
Apmarypananmaras Oypryiad KuprasmwiaJurad KO3uKiiap 8-10
Apwmarypananrad Oyprynal Kuprazuiagurad KO3UKJiap 12-16
bocum ycynuaa 6eronnanaauran Oypryiaald Kuprazuiagural 16-24

KO3HKJIap

[axTanap 16-20
K¥iinnaguran geraum Ba 3u4 apMaTypallaHraH 20-24

KOHCTPYKLHUSIap

* Orup OetoH kiaccu Kuppaiapu 150x150x150 mm O6ynran HamyHanapHu 28 KyH
HOpMaJl IIAPOWTIAA KOTraHJaH KEHWWH MyCTaxKaMJIMKKa CUHAIHO aHWKJIaHaIul Ba
Kyhnaaruua 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 CHKHJIUILIIArA
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myctaxkamiaukka (MIla) ytum yayn B 0,778 koadduuumentura 6ynuHanu. Mucon
yayH B10 knaccu yayn ypraua mycraxkammuk 10/0,778 = 12,86 Mma ra tenr 6ynaan.>

* CoByK TabcUpura 4YdJaMIWIMK  Oyiinya  ofup  OETOH  MapKalapu
kyiunarunapaup:F50; F75; F100; F150; F200; F300; F400; FS00 (TOCT 10060.0-95),
CYB YTKazMacnuk Oyiinua mapkanapu aca W2; W4; W6; W8; W12

Enrun 6etonjiapHuHr TaBcugiapu

CoByk
VYpraua Tabcupura  Mccukimk
Mycraxkamimk o
beron Typu 3UYJINTH, N YUJAMIIUIINK YTKa3yBYAHIIUK
3 Oyiinmya Kjmaccu ...
KI/M oyiinua KoahpuieHTH
MapKacu

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

KoncTpykimon-

HCCHKITIK 800-1400 B3.5-B12.5  F75-F150  0.23-0.64
U300 UAJTI0OBYHA

Hccmomk 500-800  B1-B3.5 berrunan- - 17 5 29
U300 UATI0OBYHA MaratH

MononuT 6eTOH KOpUIIIMAaCHHH KyHUAaru ycyiap EpaaMuaa 3udian MyMKUH:
* (A) Kyna 3u4Iall;
* (i) TpamboBKanar;
* (b) BuOparnus €pnamuia 3udar;
* () nuku BuOpaTop €praMuia 3U4Iall;
* (II) OmanyOka ra ypHaTUITaH TAalIKK BUOpATOp EpAamMua 3udIIalll;
 (IIT) KO3anu Bubparopnap Epaamuna;
* (IV) Peiikanu Bubpartop €paamua;
* (V) Bubpokartoxk;

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

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

5. No. Charaderigtics of Vibraior Appilication
Lengih of Diameter of Recommended * Recommended
the Vibrat- the Wibrating frequency of witrration Aoce-
ing Meedle Needle witrration under leration {opera-
no Lead Sate, tian i Air), Min
Mir Viration
mm mm VAL g
] 2} i3} 4} i) (&)
iy up 1o 350 up o 35 et L] 30 1o 30 Rastic, workable concrele in very thin members and
confined p and for f: of y teat

speamens. Suitable as an auxiliary to larger vibrators
in presiressed work, where many cables and ducls
CEUE congestion in the forma

iy 2850 to 500 Over 35 SO0 Over 30 Plastic, workable concrete i thin walls columns,
up o 80 up o 80 beam s, precasl piles, Bght bridge decks, and along
constuction jonis.
{ iy 2850 to 7O Over 80 TOO0 Orver B0 Plastic, workabbe concrete in general construction,
up o 75 up lo 75 such as walls, columns beams, precad ples, heavy

fhoora, bridge deck and roof slaba. Auxilary vbration
adjpoent fo form s mass concrele and pavem entis.

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

forms, in power houses, heavy bridge piers and
foundations and for auxikary vibration in founda-
tions and for auxliary vibration in dam consinuclion
near forms and around em bedded Rems and renfor-
cing stesd.

(v 200 to 475 Ower 90 6000 Ower 90 Mass concrete contaming 15 om. aggregale
deposited in increments up lo 8 m7, in gravity dams,
large piers, masve w alls, etc. Two or more vilbrators
will be required to operate smultaneously 1o melt

dow n and conmbdate norem ents of concme of 4 m?
or greater volume deposited at one time in the forma.

* Walue of accekrtion meazared in comcrete should not be less then 73 percemt of the vakies given above.

¥ Aceeleration de o graviy,

A

Flate Vibrator Scread Boord Vibrator
Needie Vinrater Needle Vibrator
SRS IbeeE Elactric Petrel

BeTOH KOPUIIMACHHY 3U9JIall YCKyHanapu2*

24 Concrete Technology theory and practice. M.S. Shetty. S. Chand & Company Ltd. First Multicolour Illustrative Revised
Edition 2005 p.267-268
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beToH MycTaxkaMJIMKKa T€3 SpUILMIINTA KyWH1aruiap TabCUpP dTUIIN MyMKUH
(A) beron mmkactmanumra pakaT KMCKa BaKT 03 OCpHIIH;

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

(D) nmnap erapnu gapaxana cudaTiiv TAlIKII dTHIMACA;

(E) onanyOka MUKIOpPUHHUHT KaMIIUTH, €KW 3apyp yiadamaard onaityOKaJapHUHT
eTUIIMAcIUIru; 2

Compressive Strength Mpa

T

£

T

Z0

beron Ba TeMup-0€TOH TEXHOJIOTHUSIIAPU

L — T | Ponded

o gFonded

x“xk_k | | -\-\-H-.‘-\-\.k_\_\_
g Pended T X
x“’?:_:_

?
Hessain = o=

028 03E 36 CEL i)
Water / Cement Tatie

25

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

OJIMHMAacCJIMI'u

beronra 1okopu xapoparia TabCUp STAUPHUII KylHuarnda 0aKapuiuii MyMKUH:

(A) Tabunii mapoutaa (ogauii armochepa bocumma) OyFiar;
(b) roxopu 60cuM ocTHa TEPMUK UIILJIOB OSPHILL;

(C) Undpakusun Hypiapu OUIaH UIIUIOB OCPHIIL;

(D) DnexTp Toku €paamMuaa KOTUILHU TE3JAIITHPHILL

Beam under sream curing

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

Edition 2005 p.281-283

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

Wright. 2011.

55



beron Ba TeMup-0€TOH TEXHOJIOTHUsIIApU

40

Strength Ratio - Per Cent

Compressive Stociagth MPa.
-
=

N 14 2l 2 BT 28 &3 [EL)
Age Days Age - Days

4+ 15 27 28 49

Curing emperature, “C

MoHOMUT KypwiIMIl >kapaéHuja KyliMa O€TOH KopumiMmacuiaH (oHganmaHuIl
KYWHJIaTd aCOCHM MacalaJlapHM XaJl KWINILNTa KapaTUITaH:

- MycTaxkaMJIMKHUHT KAaHJAWIWTUIaH KaTbUil Ha3ap KaTTuK (a3za Owinan
TYWMHraH IIEMEHT €JIMMUHU Talépiam Ba WIOXKUA Oopuya IEMEHT 3appajiapu
TUApPATAIUSACUHY TYJIWUK KETUIIIMHU TabMUHJIALLL

- beron Tanacuma Maiiia map3iap XoCui1 OVIMITMHN KaMan THPHII;

- beTOHHUHT JOMKMXAaBHM MYCTaXKaMJIMTMHW TabMHUHJIAIL Ba HKCILUTyaTalUs
XOCCaJlapyHU TabMUHJIAII YYYH 3apyp MHUKAOPJArd LUEMEHT €JIUMHU XaXKMHUHHU XOCHII
KWINIITHU TabMUHIA0, IEMEHT capduHU MacalThpuin Ouiian oupra cyB cappuHU Xam
nacaiitupunigad ubopar.?’

- XOCUJl KWIMHTAH LEMEHT €JIMMH TYJIAUPUYBUWIAP 3appaJlaApUHUHT FO3aCHUHU
KOIUIAIra €TUITMHA TabMUHIIAII 3apyp.

- Kyiima OetoHjman OeTonsaml €paamMuja IOMKa, 3U4 apMarypajaH-raH O€ToH
MHIIOATIIAPUHU Oapro ATUII OOIIKAa TEXHOJOTusjapra HUCOATaH Y3ITYKCU3JIUKHU
TabMHH-JIANI, OCTOH KOPHUIIMACHHU ETKU3UII-HUHT IOKOPH WHTEHCUBIIMIY OWJIaH
axpanud Typaau.

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

Plate

Plate washer

washer

She bol Coil tie

Kyiima 6eToHaH Tail€piianaauran 1esopiap

| = T—
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beroH Ba TeMup-0€TOH TEXHOJIOTUSIIAPH

i Mososut opaénmanap TypJiapu

Hopper

Dhulen valve apen K ~ Imler valve dhosed

Hopper

I ; _Imber valve apen
Dhaglet valve ¢1m|¢d o e

Fg. 7 Direct-acting concrete pump
(Based on A0 Manwal of Concrere Praciice.)

28

beToH Hacoc umiam IMIPUHIOUIINA

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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beroH Ba TeMup-0€TOH TEXHOJIOTUSIIAPH

100 IRy,
¢
204 A
Rebars 3+ 12 mm dia
0 Crap 35 mm
HiX)
K
H 150
: H,
0-200 (41X
S0}
Cancrate flawing through L-Bok
Fig. 12.27. L-Bax Courfasy : Hinduston Construcion Campany
'cmi.'ys theough U-Bax
Cowtasy - Hindusran Cansfmschon Company
Table 1Z.16. Shows Typical SCC Mixes in Japan 12.17
ingredient Fowder Tyoe Vilda Tyvpe Combinad Type

Water kgd/m? 175 165 175
Camant kglfm® 530 220 238
Ay ash kg'm* rj] o 206
GGBFS kg/m? 1] 220 0
Slica Fume kg! m? (1] o (1]
E& kg m® 751 BTO To2
oA kgfme TES B25 871
High, Ramgs Water reducang 2.0 .4 1006
admibdures kgl m®

WIS kg m? o 4.1 o.o08T5s
Hump flow test dia. of 625 G000 &80
spread mm

HNxku TOoMOHM TEKHC Opacnmanap
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Nxku TomoHM BaJIMCUMOH opaénmMaliap

Tremic smooth bore pps
wilh watenmight quick-action
joints

Water level

Enal of tremie immersed
i eonsrele unbl pour
complete

Fig. 7.0 Underwater concreting
{Based on COMCRETE SOCIETY, Underwater concreting,
Techmical Kepert, Moo 3, po 13 ( London, 19710
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beToH Ba TeMup-0ETOH TEXHOIOTUSITIApU

Ha3sopar caBosiapu:

1. beroHHMHT AacTiIa0KW MYCTaxXKaMJIMTHTa SPHUIIUIINATA SHEPrUs TabCUPUHU
KaHal N30XJ1all MyMKUH?

2. beroH Ba TeMupOeTOHIAH MaxXCyJlOT HILIA0 YUKApHUIIIAru SHEprusi capdu
MUKJIOPH HUManapra OOFJINK?

3. beron Ba TemMupOETOHJaH MaxcCyJOT HILIA0 YMKAPUINIIA SHEPTUSHU KaHIail
ycysuiap épaamMuaa UKTUCO KW MyMKUH?

doiiragaHWIrad agaduéraap:

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

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

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

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

5. AkpamoB X.A., HyputaunoB X.H. beton Ba Temup-06eToH Oyrommnapu uiiad

yukapuin TexHojoruscu. Jlapcmuk (AxpamoB X.A., HyputouaoB X.H., TomrkeHT,
TAKH, 2010 i 592 Ger.

5-maB3y: beToH Ba TeMuUp0eTOH OyIOMJIapH Ba KOHCTPYUMSAJAPHUHU MIILIA0
YMKAPHUIIAA HHHOBALIMOH TEXHOJIOTUsSLIIAP.

Pexa:

5.1.V3yH cTennapaa TeMUp-0€TOH KOHCTPYKIUSTIAPUHU Y3ITYKCU3 KOJTUILIA0
Ta€pJan.

5.2.Komno3ur apmarypanap.

5.3.ba3anpT Ba MOJUIIPIIUIICH TOIAJIAPH.

5.4.beton Xoccaapuau Oy3MacjaH aHUKJIAITHUHT HHHOBAIIMOH YCYJIIapH.

Taanu ubopanap: cmeno, y31yKcu3 KOIUNIAW, UCCUKTUK UULLIOBU Oepull, UYIaK,
OemoH OuKpauY, KOHYC YPKUWU, Wuwa moid, 6a3aism moaid, apmamypd, KOMHo3um
apmamypa, 6emon Mycmaxkamaueunu 6y3macoar AaHUKIaul.
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beron Ba TeMup-0€TOH TEXHOJIOTHUsIIApU

5.1. ¥Y3yH creHayapaa TeMUP-0€TOH KOHCTPYKUMSUIAPUHH Y3JIYKCH3 KOJIHUILIA0
Taiépaam.?

Kyn xoBakiu opaénma Ba AeBOpOON MaHEIUIAPHU Y3ITYKCU3 KOJUILIAII [EXUHUHT
TEXHOJIOTUK TposiéTh Kamuaa 18x120 M Ba KpaH ropaguraH pelbCHUHT OajaHIUTH 7
MeTpAaH KaM OYJIMacIuTH Kepak

Ymby mnexpga KoJuriaHaauran OyromiapHuHr Oamannmurn 500 Mwraya,
KeHrurH ((doigaianuiaaurad KOJUIUIOBYM MaIIMHAHUHT Typura Kapad) 1200 mm éxku
1500 mm 6ymumm MmymkuH. >

KoJuIioBur MaliMHAaHUHT CUJDKUII Te3auru munytura 0,65 nan to 3,0 meTpraua
OYITUIIIN MYMKUH.

BeTOH KOpHUII y3eIMHHMHT yHyMaopiamru coatura 12 — 20 m® Gukp OeToH
KOPHIIIMACUHU Tal&panii MyMKHH.

KonumnoBun MamvHaHUHT IOKJIOBYM OYHKEPUHHHT XaXMH (KaOyn KUIIMHTaH

TEXHOJIOTHUK perjameHTra kapad) — 1000, 2000 Ba 3000 suTp OYIMILIA MyMKHH.

29 https://www.allbeton.ru/article/102.html
30 https://www.allbeton.ru/article/102.html
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beron Ba TeMup-0€TOH TEXHOJIOTHUSIIAPU

\

Pureanap

Tycunaap KommyHukanus kopodkaaapu Tenaxonaap

LexHMHT HM/IHK MaxXCyJA0PJIUrd (TaXMUHAH):

V3ynmuru 9 Metpraya 6yiran mamTanap - 200000 m? (43 000 m°);
bankanap - 1600000 1. M.

AcocHil TEXHOJIOTUK YCKYHAJIAPHUHT KEPAKIN KyBBaTHU:
I7I}VIJ1KaJ1apHH TO3ajall Ba Moiiam MamuHacu - 18 kBr;
CuMnapHu TakcUMIIall MaliuHacy - 25 kBT;

KonunmnoBuu mammuna - 30 kBT;

Beprtukan kecum mammHacu - 45 kBrT;

BIT 1000 6a3acuaaru 6€ToH KOpuIl yCKyHacH - 63 kBT.

Viaykens Koaumiam yayH 1 M3 6eToH KOPHIIMACHHHUHT TAPKHOH.

No Homu V4os oupmurn  |[Muxkgopu

1 Lement M400/10 (M500) KT 370-450
Ksapu kymu (1500 kr/m?3, 3

2 Mip = 2.0-2.5 am1) KI/M 1000/0,66
Uakuk Tom (M-1200, dp. 3 — 3

3 10 (15) mMm, 1800 kr/nmd) Kr/M 1000/0,55

4 Cys b 120-160
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beToH Ba TeMup-0ETOH TEXHOIOTUSITIApU

i LlemeHnT
5 gﬁiiﬁzgggqi ZTI;)_II/IMUIaCI/I Maceacira 0,6-0,65
Ky HucOaras, %
6 XapakaTinanyBuanaurua (KU) [cm 1-2
7 bukpauk ceK 60-100
C/1 0,25-0,35
Marepuasuiapra Kyinjaaaurad tajaadsap.
No Homu I'OCT, TY TexHuk Tanabnap
[Toptnanguement M400/10, M500.
Kotuin BakTu:
1 LlemenT I'OCT 10178-85 | 6ommanumu  —45  MUHYTIaH
aBBan smac; oxupu —10 coarnan
Ke4 IMac
Mkp = 2,0-2,5. Wupuk Tomur
2 | Kym ['OCT 8736-93 | mukmopu - 10 mmraua (5%). Yann
Ba TMWATYNPOK MuUKIopu 3% raua
Opakuus — 3-10 MM.
2
3 | Yakuk Tom TOCT 8267-93 | Mycraxkammarn  >1200  kr/cem .
UYanr Ba runtynpok Muxkaopu - 1%
rada
IOxopu mycraxkamaukka sra Bp —
Il apmarypa cumu, O5mm.
4 Apmarypanaii FOCT 7348-81 ApMarypa CHUMUHHMHI 103acCU]a
Y49YH CUM KOBaK, Japaiap, 3aHT  Ba
KaTIaMJIaHUII  OYJIMIIM  MYMKHUH
aMac.
«JIurnomnan
5 | B-2T» I'OCT 24211-91
KYIIMMYacH

ot 6o 5 beron
. oitnxa Oyitnaa 2 3 CTOH | candy,
No GyloM MapKac L,vm | bymm [homm | § v [ V,m | M, kT IACCH P%’
M
1 | IIIC 90-12... | 8980 | 1195 | 220 |10,73| 2,36 | 3190 | B30,B40| 1,33
2 | TIIC 84-12... | 8380 | 1195 | 220 |10,01| 2,20 | 2980 | B30,B40 | 1,24
3 | IIIC 78-12... | 7780 | 1195 | 220 | 9,30 | 2,04 | 2765 | B30,B40 | 1,15
4 | IIIIC 72-12... | 7180 | 1195 | 220 | 8,58 | 1,89 | 2550 | B30,B40 | 1,06
5 | IIIC 66-12... | 6580 | 1195 | 220 | 7,86 | 1,73 | 2340 | B30,B40 | 0,975
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beToH Ba TeMup-0ETOH TEXHOIOTUSITIApU

6 | IIIIC 60-12... | 5980 | 1195 | 220 | 7,15 | 1,57 | 2125 | B30,B40 | 0,885
7 | IIIIC 54-12... | 5380 | 1195 | 220 | 6,43 | 1,41 | 1910 | B30,B40 | 0,796
8 | IIIIC48-12... | 4780 | 1195 | 220 | 5,71 | 1,26 | 1700 | B30,B40 [ 0,708
9 |IIIIC42-12... | 4180 | 1195 | 220 | 5,0 | 1,10 | 1485 | B30,B40 ( 0,619
10 | IIIIC 36-12... | 3580 | 1195 | 220 | 4,28 [ 0,941 1270 | B30, B40 | 0,529
11 | [IIC 30-12... | 2980 | 1195 | 220 | 3,56 | 0,783 | 1060 | B30,B40 | 0,442
12 | TIIIC 24-12... | 2380 | 1195 | 220 | 2,84 | 0,626 | 843 | B30,B40| 0,352

Y3iyKcH3 KOJHILIAI YCYJIH OWJIaH TeMUP-0€TOH KOHCTPYKUMSIJIAPMHM TaHépiam
YUYYH cap$ Oyjaaurad BaKT.

No Oneparnys HOMU Bakr

1  |IynakHu TO3amanI Ba Mo 30 MuH

2 |CuMHHU TaKCHMJIAI Ba TapaHTIAIITHPHII 60 MuH

3  |Komumiamr (te3nmuk — 0,65-3 M/mMun) 60 MuH

4 [Xumos koOuru OuIaH KOTUIall 10 myuH

5 Xap Oup KoMMILTant WyJaKdyaculaH KEUUH 20 MUK
MaITMHAHU MOMJIaI

6 |Mccukimk uiuioBUHUA OEpHIIl 4+10+2=16¢c

7/ |Tapa"rmamTupuil 3ypuKHIIMHA OeTOHTa Oepulll 10 mun

8 |[Inuranapam kecuin Ba Taép OyIOMIApHH OJUTI 60—90 mun
i 20 coat

arpoduaa

Komnonoexa JIB®D-1500

[muranapayn KyWuIn WyJIakJapuHU TO3ajalll Ba MOWIAII MaxCyC MalllHa
épramuaa aMainra OIHWPUIIAAM Ba YHUHT ypTada TE3JIUIM MUHYTUIra 6 METPHHU TaIIKWJI
sragu.  llnuramapun — KyWum — UyJakiapuHUA  TO3ajall  YYyH — YMMYMUU
15 MunHyT BakT capd Gynaau. MymakmapHn Moiinamn To3amall MIUIAPH TYraTHITaHIaH
CYHI 3yIJIMK OWJIaH amaira omupuiagud Ba Oy MKKana omepauus yuyyH ymymuii 30
MuHyT capd 6ymaam.3!

Nirum apMatypa cCUMIapUHM TapaHTIAIITHpUII Ba OYmaTtum 10 MUHYTAAaH OPTHK
OynmMaiiu Ba TUAPABIMK JOMKpATIap TU3UMH Epaamuia oaxkapunaau. Mnrau apmatypa
CUMJIQPUHHM MallMHara »>KOWJalll, aHKEpJApHU YpHATHUIL, MAaIIMHAHUHT TE3JIUIH,
CUMJIAPHUHT y4JIapWHU KECUII Ba TapaHTaIITUPUII yuyH yMyMmuil 60 MUHYT Tanad

[Inuranapuu GeTOHAIl MAIIMHACUHUHT TE3JMIM MUHYTUra 2 METPHHU TaIlIKHII
ATaayd Ba Xap Oup Wynakaard IJIMTaHu OeToHsam y4dyH capd Oymamuran BakT 60
MUHYTHH TaIIKWI 3TaIH.

3L Li, Zongjin, Dr. Advanced concrete technology / Zongjin Li. WILEY.
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beToH Ba TeMup-0ETOH TEXHOIOTUSITIApU

[Inuranapra WMCCHUKIMK WIUIOBUHM O€pHUIl HCHUTWIAIUTaH Mod Epaamuaa
IUIMTAIADHUHT TarujaH, SbHU IUIATAJAp KyHWITaH HYynakaa YpHATWIraH yCKyHasap
épaampza amanra OMMpWIaAU. ByHUHTr yuyyH IuMTanap Maxcyc ENUMHYMK OuilaH
émwtagy. [lnuranapra MCCUKJIMK MIJIOBU OEPUILIHUHT YMyMHH IUKIM 16 coart, sbHU 6-
8 coar xapoparau 55-60°C raua xyrapuni, 8-10 coaT M30TEPMUK MCHTUINHHM TALIKUII
ATaaMU.

Tan€p rmmMTamapHu 3apyp Vyiayamiapia KeCHuIl YYyH appajid KeCHIl
MaIlIMHacuIaH (orJamaHuIaIu.

Tal€p mmmramapHu 0JIMOC 3appajid IUCKIW appa €paaMua 2 MUHYT KECUIIAIH.
Arap TJIMTaHUHT XUCOOWN Y3yHIUTWHU 6 MeTp ne6 ne0 Kalyn KuiuHca, Wylakaard
taii€p 120 Merpnu mmTtanu 14 xoilmaaH Kecuil ydyyH TaxmuHaH 30 MHHYT 3apyp
Oynaau. MamuHanu ypHaTull OWJaH IUIMTAJAPHU KECUll YYyH yMyMH capd
Oynaguran BakT 70 MUHYTHM Tamkuwia A»Taau. Tail€p mnuranap omOopra Eku
MCTEMOJIYNTA KYHATUIIAH.

Xap Oup iynaknaru rimTa 0eToHsnad OYIMHraHjgaH CYHT OETOHJIANl MAallUHACH
CTeH/ra YpHaTuO, KOJUIUIAII MAIIMHACH Ba IyaHCOH-MAaTPULAHU FOBUIL OaXKapUIIUIIN
miapT Oynaran onepauusaup. MamyHa Ba IMyaHCOH-MaTpHlla cyB OuiaH OOCHM ocTuia
FOBWJIA/IN.

KoaumioBun MalmHaHU FOBUILL

5.2. BeTOH KOHCTPYKIUSIJIAPHU apMaTypajamjiard suru eaum. Kommnosur
apmarypa.

Cyurm  BakTiapga OeToHJaH  Ta€piaHTaH Typiad  KOHCTPYKIMSUIAPHU
apMmaTypanamjga KOMIIO3UT  apMarypajad (QolgaiaHuIl KeHT TapKaaMoKaa. by
Marepuans — KOMIIO3UT apMmaTypa KuUME Ba MaTEPHAIINTYHOCITUKHUHT OXHPUTH
oTyKIapuaad Qoriganann6d Tai€piaHMoKaa, YyHKH y HOEO0 xoccanapra sra. Kommosur
apMarypa HaMJIMK TabCHUPHUJIAa YAPUMAKINA Ba 3aHIVIAaMaWIu. bup Xuin MycTaxKaMIIMKKa
sra MyJIaT CUMJIM apMarypa OWIaH COJMUINTHPUIITAHWAA YHMHT Maccacu 9 maporaba
nacT. KoMmo3uT apmaTypa MCCHKJIHK Ba COBYK TAbCHPHUTA YUAAMITH Ba ¥3 XOCCATapUHU
-70 °C nman o 100°C xapopar opanuruia y3 XoccalapiHH SXIIH cakiaii onay.

[[Iuma Toaau KOMIO3UT apMaTypalapHy UITLUTA0 YUKAPHUIIT

Kowmriosur apmatypanu wnuia®d 4YUKApuIl YYyH SITOKCHJ KATPOHH Ba IIIMINA
TOJNaJlap TYTaMUHHU TAaIIKWJI 3TYBUM INHWINIAPOBUHTIAH Qoimananuiaan. Kommosut
apMaTypaHu WUUIad YMKapuil Oup Heya 6ockuyan nbopar. Jlactiad mmia Tojanapra
AMOKCHJ] KOMIIAyHAW MUMIupuiaan. KelrnH KaTpoH MIUMIUPHITAH IIMIIAPOBUHTIIAP
TyTamJIapd MabIyM XapopaTrada Kuzaupwiran ¢uibepa n1e0 HOMIAHYBYM BOPOHKA
OpKaJId YTKa3uauO monumepusanus KuauHaau. [lommmepusanusauar OyHal xapaéHu
wiMuil tanga nynrpysus (mHramszda “‘pull” — toptmMok Ba “through” — opkainu,
opacuaH) n1eb aTanasy.

[Tyntpy3uss OocKMuUMIa KEpaKiIM JHAMEPTIArd [03aCU CUJUTMK XWUBUY XOCHII
O0ynaau. beTon OunaH SXIIM TUIUTANIUIIY YYyH apMaTypaHUHT F03aCH KOBYPFaJIU 103ara
sra Oynumu kepak. LIyHUHT yuyH OyH1all 103aHM XOCHJI KWJIMII YYyH CYHTHM OOCKHYAa

32 The Science and Engineering of Materials, Sixth Edition. Authors Donald R. Askeland, Pradeep P. Fulay, Wendelin J.
Wright. 2011.
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3araTOBKaHU TapaM-TapaM Hu3japu OOp Bajieljap OpKaJld MPOKAaTKa KWK OpPKaIH
amajira omMpuiIaan. ApMarypanap ro3acujia AaBpuil mpoduia XOCWI KWIHII yCylauaa
Aca 3araToBKa yCTHTa DJIOKCHJ KAaTPOHM MIMMJIUPWITAH JUaMETPU  KUYHK
IIMIIAPOBUHTHU CliMpan KWiub Ypabd uyukuO amanra OIIUMpWIAId Ba IOKOpUIA
KEJITUPWITaH Tap3/a NoJUMEpHU3aliis aMmalira OlupUIIaIu.

RAW MATERIAL
STORAGE ; FURNACE

REFINER FOREHEARTH

it —
| /7

WINDERS

[Ivuma Tona nuiad YuKapuin

* KoMmo3ut apmaTtypaHu HIUIa0 YMKAPUUIHUHT TEXHOJIOTMK THU3UMU KETMa-KeT
KOWNAIITUPWITaH wMIa €ku 0azaiubT ToNajapuJaH POBUHIVIAD YpalraH FajTakiap
VpHaTWIard UIMYJISPHUK, TEKUCIOBYM KypWiMa, IOMIIATUII KaMepacH, TOPTYBUH
KypwiMaid [UMAAPHUIN BaHHACH, CHKHII KypuiMmacH, (GOPMOBKAa KypHIMacH,
CHOUpPAIHU Ypall KypUJIMAacH, MOJUMEpU3aIusl KaMepacu, CyB OWJIaH COBUTHII Y3€IIH,
TOPTYBYM KypHJIMa, apMaTypaHHU KEeCHII Ba yparl y3enugad noopar. Yoy TEXHOIOTHUK

TU3UMA JaBpUi NPO(HUIUIN KOMIIO3UT apMaTypaHu MIUIA0 YNKapHUIIaau.

Komnosut apmarypanap Kyinaarndya MapKajaaHaIu:
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ACK — muia Tonajiapy acocuJaru nmia-KoMIO3UT (1K IACTUK) apMaTypa;

ABK - 0azanpr TONManmapu acocujard 0a3aiabT-KOMIO3UT (0a3ajibT IIJIACTHK)
apmarypa;

AYK — yraepon Tonanapu acocuaaru KOMIIO3UT apMaTypa;

AAK — apamuj Tonanapu acocuiard apaMuaIKoOMIIO3UT apMaTypa;

AKK — roxopuja KeNTUPWITaH ToJIajlap acocuja KOMOWHAIMSJIAHTAH KOMITO3UT
apmarypa.®

Kommo3ur apmarypanan goigajaHuil coXajJlapu:

Apmarypaman Typau OHMHO Ba MHINOOTJIAPHUHT JIOMHXa XyXoKaTiapuja
KeNTUpUJIaran tTanadnapra acocat (oiinanaHuiagm.

* Apmarypa canoat-pyKapo, Wyi Kypuiauimmnaa GoiganaHuil yayH MYIKaJIaHTaH.

* Typau GMHO Ba MHIIOOTIAPHUHT OETOH KOHCTpYKUUsuIapuaa (oiaanaHull yuyyH
MYJDKaJUIaHT aH.

*Orup Ba eHrui Oeronnapia (Kynmuk OeToHnap, opaénma IUIMTaNap, MOHOIUT
noieBopiap) honganaHmILL.

* BUHOJIAPHUHT FUIIT AEBOPIAPUHU TEPUIIJIA.

* BUHOJAPHUHT TalIKM MCCUKJIMK M3OJSLUSACMHM MaxkamJjall y4dyH JroOeruiap
cudaruza.

* KoHncTpykuusiiapzia Typ Ba cTepskeHIap cudartua.

* KuproxyiapHu MaxkamJjall HIuIapuaa.

 Kananuzauus, Menuopanus niuuiapuaa.

« Myn kommamacu Ba TycyBumMIapa.

* KuméBnii uiiad yukapuin J1eMeHTIapu HHPPACTPYKTypacuia.

* OnauHAaH 3YpUKTUPUINO Ba 3YPUKTUPHIMAN apMmaTypaiaHran 0eToH OyroM Ba
KOHCTpYKUMsIapaa (EpUTrudiap TasHWIAPH, JIEKTP YTKa3TUWIapH TassHWIAPH, ICKTP
VTKa3ruujaapu H30JSLMUIOBYM TpaBepUalapu, WYa Ba TpPOTyap IUIMTAJIAPH, JAEBOP
MM TAIApU, TEMUP WY INaUIapy, KOMMYHAI TU3UMJIAp Ba OOUIK. ).

* Eunb onunmaiinuran onanyOkanaH doinananud yiiapHu KypHiijia Ba OOIIIK.

6A-III 4 ACII

8A-III 6 ACII

10A-111 7 ACII

PuU3UK-MEXaHUK 12A-111 8 ACII
Xoccajlapura Kypa 14A-111 10 ACII
apMaTypaHy aJMallTHPHUII 16 A-111 12 ACII
18A-111 14 ACTI

20A-111 16 ACTI

33 The Science and Engineering of Materials, Sixth Edition. Authors Donald R. Askeland, Pradeep P. Fulay, Wendelin J.
Wright. 2011.
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Baznu, kr (6up xun
MyCTaXKaMJIMKKa
aNIMalITUPUITaHN]A)

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

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

Bl it AEBBE L L pp by F I s 3 .
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Composite

beron Ba TeMup-0€TOH TEXHOJIOTHUsIIApU

Kommno3ur apmarypaaan ¢poiigaiaHUIIHAHT a(3a/LIHKIAPH:

VY3unumra 6ynran mycraxkamiauru Alll kimaccnu mynatr apmarypaHuKura
HucOatan 3 maporaba okopu. Mertamin apMaTypaHUHT MYCTaxXKaMJIUTH KYpPCAaTKUYH -
390 MIla, koMno3uT apmarypanuku 3ca 1000 MIla nan xam smac.>

Komno3ut apmatypa 3aHriaMaiivd Ba KOppo3usira yupaMaiiy.

Kucnora tabcupura yngamiu. JleHru3 CyBu TabCUPUTa YAJAMIIH.

DJIEKTP TOKMHHU YTKazMauau. J{UdIeKTpouK.
Kommo3ut apmarypa amanga UCCUKIUK YTKa3MauIu.
Panno TynkuHIapura KapmuianK KypcaTMan/Iu.
Kyna mact xapoparia y3MHUHT MyCTaXKaMJIMK XOCCIIApUHA WYKOTManIu.
bup xun MycTaxkamjuKKa 3ra MeTajll apMarypara HucOataH maccacu 9
O6apobap KMUUK Ba OOIIIK.

AIIl kiaccau nyaaT apMatypa OMJIaH KOMIIO3UT apMaTypa X0CCAJapuHU

TAKKOCJIALI KaABaJIH

AIII (A400C) kaaccau meTal
Tacuugu Kommnosut apmarypa
apmarypa
Onokcu KaTpoHU
Marepuan [Iynar OusiaH OUPUKTUPUIITAH
LIUIIAPOBUHT
Uysunumgaru MycTaxKamInK 390 1300
yerapacu, Mlla
OnacTukHuK Moyu, MIla 200 000 55 000
HucOwuii y3aiium, % 25 2,2

34http://www.compositesworld.com/articles/a-hidden-revolution-frp-rebar-gains-strength
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Hccukuk yTKazyBYaHIUK
koadunuentu, Br/(MK) 46 0,35

YU3UKIU KEHTalnnII

13-15 9-12
kodpunuentH, a,10—6/°C
Buunnry, T/M° 7,8 19
Arpeccud MyXuT TabcUpHTa o 3aHriamMaiaurad
p P myx p Koppo3susra yupaiinu A
YU IAMIIUIIATH Marepuanl
Hccukiuk yTKkazyBYaHIUK Uccuknuk yTrazaau Hccukiuk yTkazmaian
DJIEKTP TOKUHM YTKA3yBYAHIUTH DJIEKTp TOKUHM YTKa3au JusnekTpuk
Muura6d uynkapriagurad
Kapuian 6-80 4-20

npoduiuiap, MM

XapuaopHUHT Tanadbura
Kypa

Ymp6okuiinuk 80

WIJIIaH KaM dMac

VY3yHnuru 6-12M y3yHIUKIAru cTep:KeHiap

YMpOOKUUTUTH Kypunum meé€pnapu acocuaa

bazanem mona

bazansT TOJNIAa TOF JKMHCIApH HPUTMACHIAH Tall€pilaHagu Ba KYNHUKOETOH,
MOJIUCTUPOJIOETOH,  CTaHAApPT  TaW€piiaHraH OeTOHJIap y4yyH caMapaid Ba
MyCTaxKaMJIOBYH KylmuMya cudatuia GpoiganaHuiaam.
Marepuan: YOy ¢ubpa TonanapHu Tai€piaiijia SHI 3aMOHABHM TEXHOJOTHUSJIAp Ba
Matepuamnapaad Goigananunany.®
XoMmamé cudatuaa BYIKOHAAH OTWIMO YMKKAH XUHCIap - Tab0pommabas, nuadas,
ampudonut, 6a3zansT, NOpHUPHUT, TOJEPUT Ba OomKanapaaH dhoiiaanaHuIaam.
Ymby TOF >KMHCIApU IIYHUHTIIEK PAgUOJIOTHK Ha3opaTAaH YTKa3uwiaau Ba Oapua
TEXHUK IapTiapra >kaBod Oepaguiap.



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

beron Ba TeMup-0€TOH TEXHOJIOTHUSIIAPU

TexHUK xoccajgapu

DneMeHTap Toja IUAMETPU, MKM (12) £1,5
Hamnuk, % nan xym smac 0,3
Onactukiauk moaynu, ['Tla Mwunumywm 75

Uccuknuk yTkazyBuannuk kodppunuenta, Br/mK 0,031 - 0,038

KuméBuii unaamnmimk, Macca MyKoTHIHILL, %,
3 coaT KalHaTWITaHa

H,0O 2
2N NaOH 3,0
2N HCI 2,2

bazaner ¢Qubpa TOmamapm IOKOpHM KMMEBMH  UMJAMIMJIMKKAa 9ra  Ba
MaTepUaJUIapHUHT 3apOra OyiraH KapIIMIWTH, COBYK TabCHUpPUTA YHIAMIWINK,
eAUpUIMIITra Oyiarad KaplmjiuriHu, CyB YTKa3MaciauKHUA OPTUPAIX Ba Jap3iap XOCHI
Oy mumuHu nacaiitupau.

Ymby marepuan Ttabuuii TommaH Taéprannaurd cabaldiau yHAAH THAPOTEXHHK
MHIIOATIIAp/Aa, MY XapakaTu UHTEHCUB OYITaH aBTOMOOWIIL WYIUIapuia, KYIpukiapia,
aTOM D3JIEKTP CTaHIMsIIapu/ia, KyiMa moJiiap/ia Ba OOIIK. KeHT (oianaHuIaan.

leunponwleu moaajiaprune mexXHuK xoccaaapu

2MM, 4MM, 6MM,

Tona y3yrimru 12mm, 18 MM

Tonanap Typsii UIIKOD,
KuméBnil ungamnuk SPUTYBUMJIAP Ba KUCJIOTaIap
TabCUPUTa TYJIa YUAaMIIN

VY3unuigaru MyCTaxkaminuK 350 H/mm?

3 http://basalt.today/2016/08/6322/
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FOMmiam xapopatu t=145°C
Marepuan 100% nonunponuieH
Panru Tonanap maddod ok panrna
1m3 6eTon yuyH capdu 600-900 rpamm
Conumtupma OFUPIUTH 0,91 /M3

1m2 GeToHra TaxmMuHaH 375 MIIH.

Tomnap conu o
JIOHA TYFPHU KeIaau

Ha30paT CaBOJLJIApH:

1. Kota€rran 6eToHa nap3nap Xocui Oyiauimra Humanap cabad 6ymaau?

2. TYynmupyBUUIaApHUHT YI9aMu KaHJIal TaHJaHau?

3. Jap3mnap Xocui OYIUITMHUHT OJITUHU OJIMII YUYH KaHIali dyopaiap KYpUIuIiu
Kepak?

DoiifaaHNITaH axaduéraap:

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., HyputaunoB X.H. beton Ba Temup-6eToH Oyrommnapu uiiad

yukapuin TexHojorusicu. Jlapcmuk (AxpamoB X.A., HyputouaoB X.H., TomrkeHT,
TAKMH, 2010 #tun 592 Ger.
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V. AMAJIM MAIIFYJIOT MATEPUAJLIAPH

1-amanuii Mamrya0T: beToH Ba TeMHp-0€eTOHAAH TAPUXUH Ba 3aMOHABUH
KY/UIAHWITaH! TaXJIHJIH.

Mamryaoraan makcaa. Kaaumuii Ba 3aMoHaBuid O€TOH Ba TeMHPOETOH HIILIA0
yuKapuil Ba (oiamaHUIIIArd OSPUIIMITaH IOTYK Ba KAMUYWIMKIAp XaKuja
MaBJIYMOTIAPHU Y3MAIITUPHUII Ba XO3UPTH BaKTAa cOXaja dPUIIMITAH IOTYyKIap OuiaH
COJIMIUTHPHILL

Macananunr  kydmmm:  https://www.youtube.com/watch?v=8uQmvjMNaoc
caiituaa National Geographic TomoHuaH *)oimamtupwirad «betron» HoMIIM (UIHHU
KYPHIII Ba TaxJIMJI KUJIUIIL.

OuIbHUHT Xap OWp Map3yra OaFuIlUIaHTaH KUCMHJAH KEHMWH THUHTJIOBYMIIAD
KyHuJaru MacaiajapHi Myxokama 3Tu0 ¥3 QuKpiapuHu Ouwiaupaguiap.

Myxokama y4yH caBoJuIap.

1.Kagumuii O6etonnap. Ilynmonan kymmmyanap Oomika KylIMMuajiapAaH Kakcu
KUxXariapu OunaH axpanuO Typaau. Fumt makgacu (KykyHM) Kymmmua cudaruia
KaH1ail camapa 6epaau? Xo3upru Baktaa Oy coxaja KaHjaai TapkuOiapHu ounacus?

2.I'uapoTexXHUK UIIIMIOATIap y4yH OeTOoHiap. BeTOHHUHT CyB YTKa3MacIUTUHU
OIIMPHUIIl YYyH KAaHAAM dYopasap KYpUIIHUM TaBcus 3Tacu3? beToH KoThiumMaaru
HK30TEPMUSHH KaHal ycyap OuiiaH macalTUpUII MyMKUH?

3. Mononut Kypuiuiia 0eToHaan ¢oimananumi. Tamkd MyXUT XapopaTd FOKOPH
Oynrannana OCTOHHU Te3 KOTHUO KOJUIIMHHU OJIIMHU OJUII Y4yH KaHJal uopaiap
Kypumn MyMKuH? beroHHacocnmap €paamuaa y3aTuiaguraH OETOH KOPUITMACHHUHT
XYCYCUSITUHU KaH/Iai yopajap XucoOura sXIIiiIan MyMKIAH?

Ha3zopar caBoJsiapu:

1. bBetoHHUHT AacTIa0KW MYyCTaXKaMJIUTHTA DJPUIIHIINATA SHEPTUsS TabCUPUHH
KaHJ1ail 130XJ1all MyMKHAH?

2. betoH Ba TeMHpPOETOHJIaH MaxCyJOT HIIA0 YMKApUILaru SHeprus capdu
MUKJIOpU HUMajapra 00FJIuK?

3. beron Ba TeMHpOETOHJAH MaxCyJOT WIUIA0 YMKApHUIIAA SHEPTUSHU KaHJan
ycysuiap €paaMuia MKTUCO KHJIUIIT MyMKUH?

DoiifaaHWITaH axaduéraap:

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.
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4. The Science and Engineering of Materials, Sixth Edition. Authors Donald R.
Askeland, Pradeep P. Fulay, Wendelin J. Wright. 2011.
5. AxpamoB X.A., Hypurauaor X.H. beton Ba Temup-06eToH Oyromiapu HUILiad

yukapumn TexHosoruscu. Jlapcimuk (AxkpamoB X.A., HypuramuoB X.H., Tormikenr,
TAKMH, 2010 #tun 592 Ger.

2-aMaJmnii MamFyJaoT: Onauii yMyMKYpPHJIHII BA Maxcyc 0eTOHJIap TAPKUOMHMI
JoyuxaJjaini.

Nmpan makcan: beton TapkuOuHM XpcoOmari.

Bazudanu Oaxkapum yuyyH Xap Oup THUHIJIOBYM Y3WHUHI BapuaHTUra kypa 1-
xKaaBayulapAaH TaHiaad onamu. Xap OuUp BapuaHT yuyyH KUJarujapHU aHUKJIAIl Ba
XucoOan 3apyp;

1. beron mapkacura Kypa IEeMEHT MapKacH Ba TypH.

2. Ky Ba iupuk TyaauprudHuHr goHagopiauk tapkuou ['OCT tanabmapura Moc
KEeMMIKHYA. KyMHUHT —Maiija-WMpUKIMTHMHE  Ba CyB TanaOuaHiIurMHA. MupHKk
TYJIIUPTUYHUHT KOHCTPYKIIMS KECUM F03acu OYiirua MOC KEIUIIHHH.

3. llemenTt-cyB HUCOATHHHU.

4. CyB-IeMEHT HUCOATHHH.

5. beroH KopumIMacMHUHI CyB Taja04yaHiuru Oyiinya 1 M3 O€TOH ydyH CyB
cappuHu.

6. ILlemeHT capduHU. AHHWKIAHTaH IIEMEHT MHKIOPMHH MHHUMAJ pyXcar
ATUJIAIUTAHUOWIIAH COUIIITUPHUIII.

/. 3u4 6eTOH KOopHUIIMacHHHM oiuil yuyH 1 M3 OeroHra marepuaiap caphuHu
XUCOOJIaII.

8. bertoH Tapknbunu Maccacu O6yiinua HUCOMM Yyamiiapaa Xyucooarnl.

9. beroH TapkuOMHU Xa)XMU OYirua HUCOUH Yiyamuiapa Xucooarl.

10. Kym Ba MupHK TYIAUPTUYHUHT HAMIIUTH ca0a0iiv MaTepuasiapHU YIJaliHua
Y3rapuIIvHHA.

11. beroH KOpPWMUIMACHMHUHI HWINYM TapKUOMHM Macca OYyilmya HUCOMU VI4oB
oupyUrua.

12. beToH KOpPMIIIMACHUHUHI MIIYM TapKUOMHU XaXkM Oyiinua HucOWil Yia4oB
oupyUrua.

13. V am® xaxmmu 6eton kopruuza (1-xagsan) 6up Mapra Taiépranagurad 6eToH
KOPHUIIIMAaCHHUHT Xa)XMH Ba UITYH TAPKUOWHHU.

14. beron xopruyaa Oup MapTta Taiépiail yayH MaTepHaNIApHUHAT capdu.

15. 7°C xapopariu GeTOH KOPHMIIMACHHHM OJIMII YY4yH MAaT€PUAUIAPHH HCHTHIII
XapoparH.

16. beToHHUHT JOWMXAaBUM MyCTaxXKaMJIMKKa JpHImagurad BakT 20 cyTka smac,
Oanku 11 Ba T2 (4-kaaBaj) BaKTaa dpHINAUTaH Oyiica IIEeMEeHT capUuHH Y3rapHIInHH.

17. Hopman miapouTna KOTTaH OCTOHHWHT Ti1 BaKT/JAard FOBAKIUTHHH KUMEBHM
OOFJIaHTaH CyB MUKIOpUJIaH (4-KaaBajl) KeauO YMKKaH X0JIJ1a aHuKJIaIll.
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Bapuantiap 0yiinya gactiiadku MabJIyMoOT/Iap

1-xamBain

Bapua | Kmacc | Ms K4, cm IDK, ¢ |KOHCTpYKUHMSIHUHT | dmin -MM | lmin, V, mm®
HT B () HOMH MM

1 B15 200 10...12 - T/0 mmTa 300 75 750
2 B20 250 8..10 - T/0 purens 400 40 2400
3 B20 250 12 ... 16 - T/0 OaJka 300 70 1200
4 B10 150 8...10 - T/0 Oanka 300 75 2400
5 BI10 150 16 ... 20 - T/0 Oalka 300 100 1200
6 B15 200 12 ... 16 - T/0 mmTa 200 80 750
7 B20 250 10...12 - T/0 Oalka 180 70 2400
8 B15 200 5..7 - T/0 Oanka 500 120 750
9 B10 150 2.4 - . T/0 OaJka 300 100 2400
10 B20 250 8..10 - T/0 muTa 200 50 1200
11 B20 250 2..4 - T/0 mIMrTa 200 50 2400
12 B15 200 5..7 - T/0 Oaka 400 100 2400
13 B20 250 2..4 - T/0 mIMTa 120 100 1000
14 B20 250 2..4 - T/0 Oalka 180 75 750
15 B10 150 16 ... 20 - T/0 Oanka 300 100 1200

dmin — KOHCTPYKIMS KECHMUHHHI MHUHHMAI YIYOBH, MM,

opacujaaru macoa, Mm.

Bapuantaap 6yiinua gactiiadbkum MabJayMoT/Iap

Imin — apmarypa cTep)KeHIapH

2-KaaBaJI

= Dnakyapaaru aipuM KoJaaukiap, %,

= YaKUK TOMI (IIaFasToI) KyM

M 70 | 40 | 20 10 5 [ Ocr. | 25 |125| 063 | 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 30 | 30 13 8 16 22 24 20 10
8 5 8 40 20 20 7 12 32 28 20 4 4
9 2 20 5 40 30 3 5 35 30 15 10 5
10 - 3 50 15 26 6 20 20 20 20 20 -
11 3 12 | 50 20 10 5 15 15 30 30 10 -
12 8 22 50 15 5 25 20 35 10 5 5
13 - 8 20 50 20 2 25 20 35 5 10 5
14 - 50 | 20 15 10 5 20 10 30 20 10 10
15 10 | 20 | 30 28 12 0 10 23 25 31 11 -
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BapuanTaap 0yiinua 1actiiadKu MabJIyMoOTJIap

3-KaaBall
= 3U4ITHK, TyKMa 3UUIHK, KI/IM° Macca 6yiinua
§ = Kr/mm° HaMJIUK, %
/M kyM(K) |Yakuk tomr (U)| Kyyp. Yiyp. K. Y. K Y
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-xanBan
beToH KOpHUIIIMACHHH OJIMIII Y4yH MaTepHaUIapHH 1 T ———
o WCHUTHII XapOpaTH
H20
= T = R KHM.OOFJL.
§ Ilemenr| K Nupux Cys KO;ZZZ_ ! 1 T2 %
m -) (-) | Tynaupruu +) | yapopamu,
(_) oC
1 10 26 16 75 24 400 7 180 20
2 12 12 12 68 18 500 14 180 19
3 6 10 10 68 22 600 14 90 18
4 11 14 14 70 25 400 14 290 21
5 11 11 11 70 19 400 21 90 17
6 4 9 9 70 20 500 14 90 19
7 13 13 13 75 20 300 21 90 20
8 8 8 8 60 20 600 7 90 19
9 7 15 15 81 23 400 7 45 16
10 13 13 13 65 18 600 7 90 20
11 15 15 15 75 22 600 7 90 18
12 16 10 15 75 20 600 7 90 20
13 5 10 10 60 20 600 14 180 21
14 5 10 10 72 30 400 7 90 19,5
15 10 10 10 60 21 400 21 90 18
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Kymmnmmua macanasap.
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Hasopar caBoJsiapu:

1. beroH KOpHMILIMAacMHUHI CyB Tana04yaHauru Oyimya 1 M3 OGeTOH y4yyH CyB
cappuHu.

2. llement cap¢uHu. AHUKIAQHTaH IIEMEHT MUKIOPMHU MHHHUMAll pyxcaT
ATUIIAUTaHUOMIIaH COMUIITHPHIIL

3. 314y OCTOH KOpHWIIMAcCHHHM ofuil yayH 1 M3 OeroHra marepuamiap caphuHU
Xucooarn.

4. beToH TapkuOWHKM MaccacH Oyirmda HUCOWH Yraamiap/ia X|ucooarl.

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., HyputaunoB X.H. beron Ba Temup-6eron Oyromiapu uimiiad
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V. KEUCJIAP BAHKHA

1-Keiic: beron TapkuOMHM TaHIall Ba 0€TOHHH 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
Tanabra xaBo6 Oepamy. Y30eKHCTOH XyAymH &37a KypyK MCCHK MKIMM IIAPOUTH 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 KaquHauru, cM
M OeToHIn TEMUPOETOHIIN

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

Koraérran Oeronma nap3nmap xocus Oynuimn cababnapunu Eputu® OepuHr?
TynaupyBUmIapHUHT Y1uaMu Kanaai tamnanaau? Jlapsnap Xocuin OYIUITMHUHT OJITUHU
OJIMII YYYH KaHJIal yopayiap KYpUIHIIHA Kepak?

2-Keiic: bero Ba TeMrup0eTOH MILIA0 YMKAPHUILAA IHEPTUATEKAMKOPJIHUK.

3aMOHaBUI KypWIHII WIUTapuja OeToHAaH (oWmamaHuIl caMapagopiaurd KTl
KUXATIAH TEMUP-0ETOH Oyromiiap UILIa0 YUKAPHUII cypaTura OOFIuK OYyinaau.

3aBoJi TEXHOJIOTUSICK acoCHia MUFMa TEMUP-OETOH MIIIA0 YMKAPUII IIAPOUTH[A
0€TOH KOTHIIWHU TE3NAIITUPUIITHUHT aCOCUN BOCHUTACH YHTA UCCHKJIHMK OHMIIaH WIUIOB
oepuin 0VIud Komaau.

Hccuknuk Ownan umioB Oepuin OyroM Tai€pnam ymymud uukiauHuar 70-80%
BaKTUHM oJiaau. Mccukiauk OusiaH WIUioB Oepuinl ydyyH OeToH Taiépralira
capranaaurad yMyMHUi HCCUKIUK SHEpTrUsiCHHUHT 70 donsuraya UIIaTUIaN.

Hccuknuk 6unan uiuioB OepuIgard xapaxariap Ha (akat Oy Ba OOIIKa Typaaru
SHEPrus sMac, 6aIKu KOJIMUILIAp COHU Ba LIEMEHT capdura xam OOFIuK OyIaau.
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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 capdrnanagurad Oapua nynatHuHT 60-70 dousu cadpranaaum Ba KoJuruiap
amopTHU3aIsicura TyJjaoBiap O6omka 6apya ycKkyHallapHUKUaaH 1,5-2 mapTa Kynaup.

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

Kopxonanapna 6eToHHM Ku3aupuin 2,5 coaTnaH 24 coarradya JaBoM 3Tajau. 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 Oynran
6etonna niemeHT capdu 80-100 kr/m3 kymasau.

Temup-6eToH Oyromiiapura UCCUKJIMK OWJIaH MIIJIOB Oepull yiap KyHaTuUJIaJura
(YTyBYaH, KOJMIJIAH YUKAPHII J@pakacHIaru) MycCTaXKaMJIMKKa JpHUINTYHYa JaBOM
staau. bynnai xonataa OyrFnaHrangaH cyHr 28 cyTka yTranja 0eToH Tanad KWJIMHTaH
Japakagard MYCTaxKaMmJIMKKa, SbHU O€NTWIaHTaH MYyCTaXKaMJIMKKa SPUIITMIIHILN
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 Xomiapaa kyHATUIaAUTaH MYCTaXKaMJIMK UCTE€bMOJYHM Ba JIOMMXauu
TATKWIOT OWJIaH KEeTUIIIIIA N,

Konmungan wukapuin MycTaxkKaMiuK, OCTOHHU KOJIMIJIAaH YHUKAPHUII MYMKHH
OynraH Ba 3aBOJl MUMAa XaBPCU3 TPAHCIIOPTUPOBKA KUJIHMII MyMKHH OYJITaH MUHUMAIT
MyCTaxKaMJIMKHU Ha3apja TyTaad. Y TauépaoBun KOPXOHA TOMOHHIAH OelruiaHaIu.

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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3-Keiic.

Moving a Reinforced-Concrete Building: Case Study

Dory Telarm'; Aviad Shapira, M.ASCE®; Yizhak D. Goren®; and CHff J. Schexnayder, FASCGE®

Abstract: The project management team dinecting the construction of o conerete building learmed during the last stages of construction

that the building encroached by 190 cm into the permil specified ssthack. This case study discusses how the Infemnet was vsed o aid the

contractor in addressing the problem and the particolar solutien adopted for moving the buikling. The seps tken by the project

management leam From the moment the problem was discovered through maving the building e its correct location are described.

Practitsmers can learm much from the creative approach used by this praject team o find a solution to the challenges of suchoa unigue

problem.

DOl 10,1061 ASCERITIZ- 436420061 132:2{ 115}

CE Datsbase subject headings: Concrete structures; Conerete construction; Data collection; Tntermet; Belocation: Case repaorts,

Introduction

In March ZMW0, Ghivra Mehber Building Works Lid. (Mehler
2004 b began construction of the official residence For the Tapunese
ambassador o lsmel. This company, which specializes in con
struction of luxury homes and commeercial and public buildings in
Israel, has aver MP vears of diverse project expersence. This was a
very prestigious and high profile project in Herzliya Pituah, a city
locuted just north of Tel-Aviv on the Mediterranean coast. The
Japunese. after reguesting a limited number of preselected con-
tractors to present pertfolios of their work, allow only approved
contractors 1o submit competitive bils for the contract, Ghira
Wehler submitted the kw bid and a contract was awanded without
any further negoliations.

Even thaugh this was a residence, the structurad frame of the
huilding was reinforced  conerete—heavily reinforced concrele
hecause it confarmed 1o the Japanese corthequake stanchrds. Until
Awvgust 2008 the project was progressing according io schedule
and within budget. Al that time, however, the surveyor, who was
laying out the location of an additional small structure on the sile,
discovered that the positioning of the residence did mst conform
o the bailding permits, The building as constructed was 19 cm
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ler thee east of its cormect location and it protruded by that distance
intr the required and comtracally specified setback space.

Striving 0 serve the clienl, the project management feam de-
cided by postpone the finger pointing and {0 focus on meeting the
challenge of positioning the struciure correctly. This paper fo-
cuses on the creative and professional manner in which a proces
dure for moving the building was decided upon and how 1he
hailclimg was maoved.

Maowving Heavy Structures

There are three main reasons why buildings are moved: {11 for
preservalion—for example, Cape Hatlerus Lighthouse (Cape Hat-
leras Lighthouse 20015 Lighthouse 1993); {2] when for construc-
tisn, sibe, or schedule reasons the structure is assembled in oa
specific kcation and then moved to is final locatim—for gx-
ample, Coleman Bridge {Esking 1997 or (3) to correct a mistake,
as presemted in this cuse,

Because of the unigueness of mast heavy moving operatins,
the equipment required for these underakings is in most cases
designed for the specific operation by the company in charge of
execuling the move. It is possible (o find o wide variety of equip-
ment combinations, such as hydraulic jacks, wheeledfcrawlerrail-
mounied cormiages, shoring syslems made of @mbecfsicel, and
lempirary reinforced-concrete supports wsed e accomplish these
Iypes of projects. In the majority of cases, regardless of the spe-
cilic means wsel, the structure 15 firs lifled and anly then is i
moved or ransported (Kenmedy and Kennedy 2003; Koster 2003;
Xu 2000; Anders 2008k Hunt 2K Phillips 2000; Poawell 1999,
After it s transported to the desired location it is lowered oo a
newly prepared Toundation.

The operation presented bere is unigue as compared 1@ other
reported cases in that the building, in spite of fs considerable
weighl, wax moved without being lifled.

The Buliding

Al the time the location error wis detecled, constrction of the
hailding s reinforced-concrete Fraume was almast complete. All of
the reinforced concrete floors and walls had been cast: the only
remaining structural work was that of casting the roof (Fig. 1.
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Fig. 1. Sz of bailding before move

The building rests on o mixed sand and clay-sand soil. which
is the matural sodl found at the buikding site. Afier excavation o
the reguired Founddation elevation these noutural soils wene com-
pacted o 9E% AASHTO T-1R0 { AASHTO 19890 using a smoth
drum steel-wheel reller. Upon this compacted material is o 45-
cm-thick reinforced-concnete raft foundaton, The raft foundation
and the structure were designed 1o the Japanese carthdgquake stan-
dard. The wee of a rall foundation and the design dgandard were
specified by the Japanese to their lsraeli design team,

One meber above the 820 m* raft foundation is a second slab.
This secend slab is 20 cm thick and approximately B m® in
areit. The purpose of this second slab is 1w create what is referred
i us a technical area. Within this technical ares. which is samd-
wiched between the two slabs, are the building™s plumbing,
HVALC, and electrical systems, While 1 m does nol provide stand-
ing room it does allow easy access (o all systems. Eising above
the technical-area-covering slib ane a basement of 625 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
B00 m? technicul Aoor),

Seeking a Solution

Adter recovering from the shock of discovering the problem the
contractor began o seek selutions. The architect first proposed
cutting off the protruding 190 cm that extended into the sethack
wine andl alkling Aoor space W the spposite side of the building, A
new fAoor 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 ke prowided.

The contractor then conceived the ides of lifting the building
wilh crames and maving it as necessary. A caleulation of the build-
ing weight {concrete and steel in the structure) at that point in
constructien revealed that the crane would have 1o lift approxi-
malely 4, B wons, This weight made lifing impossible as a crane
of such capability was not available amd even if such a large crane
was located there was insufficient space adjacent 1o the building
for positicning such a monster machine, A Demag CC 12,606,
ane of the largest capacity commercial crunes available, is only
rated] at LAY ons fuf a rabios of 12 m) and the width Froan
oulside edge of cawler o outside edge of crowler for this ma-
chine is 12.2 m. After one month of shut down there was no
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wiahbe plan as o how 1o proceed. But the conractor sill believed
that mewing the siructure might be possible. The one positive nade
during this perfid was that the structural engineer held 1o the
philosophy that every member of the pmject beam needed o be
commitled o selving the prohlem.

The contractor recognized that be lacked knowledge abouw
moving such a heavy structure and was now fully cognizant of the
necessty For obtaining expert advice on how b proceed. After
linding that expenence with moving such a heavy building was
nat availuble in lsrael, the contractor was not sure as W bow o
lacate such knowledge internationally. At this paind the architect
mentioned to the contractor that an Internet search might produce
results.

Webalta

With the klea that 2 website woukd serve as a means for ablaining
expert assistanoe, the contrackor twrned to an information technsol-
ogy consultant. This was one of the most significant steps laken
by the project team, Thaugh this consultant had never deveboped
a wehsite For a construction company, he dikl have experence
leading the development of pioneerng Internel projects. The con-
sullant crafied a website (no Jonger active) that supplied all of the
impartant project informatisn and explained what had we be ac-
complished. A descriplive wrileup., sketches, measurements, the
culeulated buikling weight. and project pictures were posted on
the website. Initially the contractor instructed this consultant o
concentrate on expertise located in North America.

Daita mining

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

The creation of this website specifically designed for seeking
solutions to the problem of moving such o heavy concrele struc-
ture together with the data mining search that idemified compa-
nies with the reguired expedise proved a success, Four days after
launching the search mawre then B0 serous responses were re-
ceived from Morth Amerca. This groap of responses supplied the
contructor with o valuable overview of the principal methods wsed
for moving heavy stuctures. Some of the siggesied methods
were maled oul immediately because their application was limited
o smaller and lighter snactures. They were viable methods for
moving wonden houses weighing up te LN 1on bul st really
applicable o the beavy concnele structure that was the immediate
problem.

The contractor then direcied the information kechnokegy cones
sullant o expand the data mining search 1o Ewrope. Similar
emaily, seeking professional services, were sent to Eurgpean com-
panies. After analyzing all of the proposals, it was determined that
the two mins! 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 peand o small demolition subcontractor whar had often
worked with the building contrucior informesd the company owner
about o company in The Netherlands that moved large structunes.
This subconiracior knew about the company because he often
purchased vused equipment from them and while in their vard in
Belgium had seen some of their equipment for maving large
structures. Therefore, on the advice of his friend the contractor
contacted this third company.

Selecting a Method

Specialists from these three companies were invited individually
e Darael 1o wisit the construction site and w0 conduct their own
investigation of conditions. The contractor paid for their travel
and provided the visitors with all relevant data,

Opinlons

The first imaliviclual We visit the project was from the Swiss coms
pany. Afer spending about two hours inspecting the work and the
site, this specialist announced that he had come with a precon-
ceived plan 1w Lift and move, but had now changed his mind and
proposed that the builifing be pushed inbo the proper location.
This was the Arst time anyone suggested pushing or jacking the
building. This method is sometimes referred o as propulsicn.
This engineer concluded that lifting the building wus nol reguined.
By applying a large horizontal Foree, greater than the static fric
tin between the raft foundation and the surface below it, he
beliewved thut the building could be slid imo its new proper
position.

A represeniative from the company in The Metherlands was
the second specialist b visit the project. ARer completing the
inspection he anndanced that be was satislied 1they could move
the buikling. When asked bow he proposed o proceed he said
“hift and move.” AL that point the contractor asked if jacking the
building was possible. This specialist immediately replicd in the
positive 1o the jacking suggestion.

Aopridessor representing the German company was the last o
visit the site. He progposesd o plun of lifting the building on inflated
pillows amd wsing a track system bo skid the building inlo its
correct locatien. This methsxd of moving structures had been suc-
cossfully implemented several times in different locutions areund
the world and did not invelve 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 ¢n W explain that by pushing vou would cause the entire
building 1o shift "out of balance™ amd it would develop cracks and
possibly fractune.

The contractor realized that lifing and skklding the building
would be very costly as one of the early responses from a mover
in the United States had stated, “Ouwr wsual solution is o jack the
peece after installation of a supporting frame, and then o skid it
an a truck with skid shoes. We did this two Gmes recenily with
pieces aver 4,000 1ons, bul the cost was very expensive lover |
million U8 517 Nevertheless, the contractor reguesied that each
of the three companies submit a foermal proposal for accomplishe
ing the move. Tt was requested that the propesal include a general
description of the plunned methad and a cost estimale.

Bath the Swiss amid Dulch companies proposed jacking. The
Germany lirm submitted a propesal o lift and skid which was
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almuost eight limes more expensive than jacking. Additionally, the
German firm submitted a very detailed engineering report dis-
cussing how the building would neact o jacking. This repon
caused the conlractor grave concemn, as it concluded that the task
could not e achieved by applying the propulsion method. It pre-
dicted that the horizontal force would cause the buikling o cruck
andl eventually to collapse.

Decislon—d4a Partner

Research by the contructor revealed that up to that podnt in lime,
the propulsisn method had never been executed on a reinforced-
concrete siructure 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 company 10 execute the move.

Given its negative opinion on the application of the propulsion
methdrl, the German company wis eliminated from consideration.
The dilemma of chiasing between the Dutch and the Swiss com-
panies was hard. They both had demonstrated experience with
specialized projects amd lefl a strong professional impression an
the contractor. The fee stipulaled by the two companies Tor their
services was almast identical.

The deciding selection factor was “attitsde” toward the work.
Whereas the Swiss company demanded that i the case of a
Failure, it would «i6ll 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 mst
receive o fee, The comracler el strongly aboutl this attitude
determination W succeed and willingness (o share the risk. This
attinde convinced the Ghiorn Mehler Company that the Duich
engineers wene the pariners they wianled for this challenging
wink. 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,

Onece the method and equipment were selected, detailed planning
hepan. During this planning slage {1} the resisting Reces were
calculated and verifed in the labortory; (2] a jack suppasn neac-
tion system was designed: |33 the necessary strengthening of the
simacture  was  invesfigated: and (4] work aclivities  were
schedubed.

Resiating Force

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

lap).

. Foundation material: A compacted natural sand, 8% modi-

fhed (AASHTO T- 150-58,

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. Biuminous seal coal. A brushed-on & mm seal of biluminows
miterial (chemifren) had been applied to the wp of the lev-
eling mat.

4. Biumineus sheets. A layer of 5-mm-hick 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 bottiom mats of welded wine fabric reinforcement. The

(=]

reinfircing wire was 12 mm in dizmeter, spaced [ cm cen-
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fer o cenler. The desipn sirength of the concrete was 30
MPa. This was the structure’s primary foundation element

Because the foundation syslem was composed of muliple Ly-
ers, caleulations and thearetic analysis were ool deemed adequate
for defining the Irictn forces or predicting the slikling perfior-
mance. Therefore o determine the driving Force required 1o slide
thee structure, the contractor contacted the Technion™s (Tsrael Insti-
tule of Technlogy ] Building and Infrastructure Testing Labora-
tory and a lesting progrum was agresd upon and condected. Using
soil saumpling obtumed from the building’s foundation. measune.
menls were made of dry density and moisture content. Addition-
ally, direct shear tests using the wsual apparatus and direct shear
fests using a deuble shear box apparatus were carmied out. The
concrele raft {design strength of 30 MPa) and the bilumen sheet
were alsp modeled. Bitumen sheets were supplied by the contrc-
tor. All of the fesls were carmed oul according to ASTM
stanalards.

The dry density and moislure contenl wene measured at the
sile using a nuclear pauge | Standards Institution of Israel 1997
The bests were conducted at three different points around the
huilding. The consoliduted draimed direct shear tests on come
picted sand samples were conducted 10 obtain a value for the

anghe of intermal friction lp) 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. lis
dimensions are 30 cm (length), 3 cm (width), aml 7.5 cm
{height]. The tests were done in order (o obtain the value of fric-
tion (resistance o shear) between the sand and bean concrete and
hetween the concrete rft and the bitumen sheets.

In the Arst set of shear tests sund material was compacied in
the upper and lower cells, while the conerete plate was inseried in
the middle cell of the mstrument. In the second sel of the lests,
hilumen sheets were inseried in the upper and lower cells, and
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 ZRAND EN. The laboralory resulis indi-
caledl 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 belween 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 fimst push it would be
necessury b overcome the static frictional forces caused by the
interlocking irregularities of the foundation slab and the lean con-
crele slab but the coeflicient of siatic friction delies precise pre-
diction. It was expected that the foundation slab conformed to any
raughness or even possibly indernal areas having a slight «lope
that oocurmed in the supporting lean concrete slab and these: would
contribube Lo static friction.

Therefone, after studying the lubortory findings and consult-
ing with the Dutch firm, it was decided 1o use six hydraolic jacks.
Euch jock was rated 2t o maximum force of 7,00k kN. The paten-
tial propelling force of the six jucks used concurrently was 42,0000
kN or 150% (42000280000 of the minimum propelling force
indlicated by the luhorutory 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
indo play. Literally working day and night he analysed the effect
of juck plucement schemes on the struciure. Five different
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schemes {plans) were passed buck and forth by email between (he
contructar and the Dutch firm. T the condractor’s advanlage was
the fact that the building had been designed 10 a very stricl earth-
quake cude.

Twar alternatives were identified for further examination {Figs.
2 and 3). The cross hatched areas in Figs, 2 and 3 incicate new
concrete additions e the ralt founcdation that were 1© be cast o
strengthen the struclure. These two alternatives were identical in
terms of the force distribution relative o the stracture™s center of
pravity: Allermative 11 (Fig. 3), however, required less strengthen-
ing of the structure, and wus therefore chasen.

Aeactlon System

Haring acddressed the question of force application, the contractor
with the help of the siructural and pestechnical engineers ap-
prozched the problem of hew 1o absach the reaction forces. It wax
crucial o distribute these Forces inoa manmer that wouklld preven
them from causing dumage te the area surrounding the structure
amdl particulardy to o nearby sireel with huried utilities which were
anly B m from the building.

The decision was made (0 construct a reinforced-concrete e
lzining wall on the euslern face of the site (Fig. 4). The structural
engineer continued 1o do veoman service, with no additional com-
pensufion, by developing the necessary constructson drawing so
wiawk could proceed. These were not nice clean plan shests but
what he provided the contractor (Figs. 4 and 5) contained he
infarmation required for the reaction syslem to be construcied
within the scheduled time frame. This wall would receive and
distribute the reaction force from the jacks. The retaining wall
was @ syslem of 29 vertical piers each 90 cm in diameter and
12 m in length {Fig. 5}

Each pier was designed to absorb a maximum Joad of 20K
kM. The piers wene connecbed at their tops and at the mfl Foun-
dation level by harizontal concrele beams. The lower beam, cast
al the raft level, served as a bumper ondo 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 MPa design strength. 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 o (he
structure s thal the propelling forces from the jucks could act
through the ruft foundation without causing damage 10 the build-
ing. After consultatien with the siruclural engineer, it was decided
1o cust complementary additions (o the il foundation so that it
wirikl have a trapezoid shape (Fig. .

A I0=cm-thick leveling mat 1%} cm in width was consirucied
acrass the full 35 m of the wed side of the buikling 10 provide a
continuous sliding surfuce 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 lsmel and plac-
ing it om site was fixed. There was nothing that the contracior
could do te accelerate this time duration. Therefore, i was de-
cided that this transport fix durmtion woukd be the critical path for
all of the one-site activities that bad @ be accomplished before
jacking coukl proceed (Fig. Ti. While the equipment was being
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Fig. 2. Alternative | positioning of bydraulic jacks

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

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

completed:

= Drilling and casting the retaining wall piers on the easten side
of the builfing.

= Constructing the upper concrete beam.

* Excavating. after the upper beam had goined swfficient
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 onder 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 an ouldoor
pergola, which was originally built lower than the plinned
sliding surface.

*  Casting mlditions to 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 acal

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

Execution of the Move

The equipment from The MNetherlands arrived on site, accompa-
nied by a technician and an engineer from the firm, After unload-
ing und inspection of the equipment, a mobile crane was brought
lo the site, and within one workday, the jacks were sel in place
|Fig. Bb. The jacks were mounted onto the raft foundation slab s
they mavved with the building and did not have w be handled
during the pushing aperativn. The decision on bow 1o maunt the
jacks Tor such operstions reguires careful consideration for 1he
logistics. of handling the jacks and a thoughtful analysis of bow 0
conduct the operation in a safe manner (see Fiorn and David
2004,

T momitar the building for cracking the Japanese sent their
awn team of building inspectors from Japan. This team gloed thin
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Fig. 3. Alternative U pasitioniag of hydrulic jacks

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

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

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

Required Force

At 5 a.m.. alter a final inspection of the jacks and the application
of vil to the new leveling concrete on the west side, the pushing
operation began. Though the effect of static frnction had been
consilered when the decision was made conceming total jucking
force necessary (this was why the jacks had the capability to
develop 42,000 kN, to the concern of all the structure did not
move as the applied jacking force steadily increased past first
30.000 kN amd then 35,000 kN. The jacking force had to be
increased to nearly 40,000 kN before initial motion of the build-
ing was achieved. Once maotion began, the required jacking force
dropped to about 25,000 kN, 3000 kN below the laboratory pre-
dicted value, At the beginning of each push there was again the
necessity 1o overcome static friction but never again was a force
approaching 40.000 kN required.

The actual jacking time for each push was 20 min. As the jacks
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Fig. 4. Design skerch system of reinforced concrete phers

mervied with the structure the gup that opened between the piers
and the jucks with each push was filled with timber beams. The
beech wood beams were 10 em by 10 cm and cut im I meler
lengths specially prepared for this purpose {Fig. 9.

Froblem

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 wus constructed o okl the sliding of the
building slab, wus shoved forward like a plate. It appeared that
the leveling mal began to act as a blade pushing a wave of foun-
datiom 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
lirst push the surveyor confirmed the beading edge of the building
slab was approximately 2.5 em high. The decision was immedi-
ately made W jack hammer and remove the 10 cm leveling mal. A
labor crew wis assembled b tackle this work while o second crew
worked at installing the necessary limber crbbing between the
lower beam of the reaction wall and the now retructed jacks.

The cribbing crew installed the Ave 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 thal was in front of the foundation slab and leveled the an.
Once these activities were completed the second push began.
When the jacks reached the emd of this 50 cm push the surveyor
confirmed that the leading edge of the foundation slab had come
hack almast o 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 founh push had been completed and the building moved 1he
required 190 cm west. To confirm that the building was properly
positioned, a fingl 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 i The Nethedands., and the linishing work on the building
resumed.

Succesaful Project

The work of actually constructing the building had been delayed
three months by this positisning problem. The first moath of the
delay was spent recovering from shock, seeking authorily Lo re-
quest o permit varianee, and developing proposls o modify the
structure, Meither the varance nor the modification idea was ac-
ceplable W the owner. Therefone a secomd month was spent de-
veloping a process for moving the building, Once the jucking
miethod was deckled upon, a third month was reguired 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. Casting additions to raft foundation

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

Conclusion

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

cess was the product of several factors:

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

Fig. 8. Placement of hydraulic jacks

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

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

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

¢ Selecting committed partner: The persons involved in this op
eration demonstrated full commitment to the project—a factor
that proved vilal for achieving project success. Even when one
specialist ventured a pessimistic opinion, the team continued
to seek solutions. The selected partner stated that failure was
not an option, and accepted the project risk.

* Detailed plunning: A proper level of detailed planning was
required to make the operation successful. This included such
items as the appropriate jacking system and reaction absorp-
tion system, site logistics, and equipment handling. and the
construction schedule for this operation. Everything had to be
planned in detail to ensure success, which was accomplished
in this effort.

Acknowledgment

The writers would like to express their appreciation to Mr. Danny
Golan for explaining the process used in soliciting a construction
solution by means of an Internet website.

References

AASHTO. {1990). "Molsture-density relations of soils.” AASHTO T JA0.
90, Washingron, D.C.

Anders, J. (2000}, “The Hatteras Lighthouse.” Smuce. Mover, 18(1),
-39,

Cape Hanerns Lighthouse Relocation Articles and Images. (200 )
(www.aps.gavicahadrp.him), US. Depanment of the Interior,

Nutional Park Service, Cape Hatterss, National Seashore, N.C
Eskins, W. A (1995}, "Construction of the new Colemasn Brdge: Fifth

JOURNAL OF CONSTAUCTION ENGINEERING AND MANAGEMENT © ASCE /FEBRUARY 2006 /123

91



Rochling lecosre, 19977 4. Coastr Eng. Mausage., 12403} 175075,

Fiom, & M., asd David, 5. AL (20045, "Hrelge supersimucosre lowering
operation—LULE, &l widening, Mesa, Anzonn.” Pracr. Period, Sieace
Ihes. Comsre, WX 102007

Huzni, ©. 5. (BHHN. “'Preserving an Amercan iressure.” e Eug. (AL
T T, 6T

Kensedy, H., and Kennedy, K- (2003 ). “Moving e Mars Szone Chapel—
Pulaski, Temnessee™ Srewce. Mower, 2120, 10-00.

Koster, G,  BHEI). O pk
201y 30-55.

“Lightbnuse meoved o sew Bome™ (1992 e Eng (N F L 63125, 14

wisduct !

Iy meaved.” Sreacr. Mover,

beroH Ba TeMup-0€TOH TEXHOJIOTUSIIAPH

Mammeet. {2004). Mommoet Holdimg BV Van Sesmeren Group.
{wwwmammoeLoom),

Mehler, Ghiora Buildisg Works
emglish Bam}

Phillips A, (30NN Tall order.” Mol Geoge, 197055, 08108,

Powell, A, E (1999 "Hack from the brimk.” Civ. Eag. (M1 &30,
3347,

Sesndords Instivaion of Isresl. (19%T) “In-sins rest of density asd mods-
ture content of sail by nuclear geuge.” ¢ J454, Tel Aviv, Isrsel.

Xu. 3. (2001). “Eight seory masonry neove im Chino” Srescr. Mover,
1902, =13,

Lid. (3HK).  {www.mehlencodl'

124 FJOURNAL OF CONSTAUCTION ENGINEERAING AND MANAGEMENT @ ASCE f FEEAUARY 2005

92
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VI. MYCTAKIWJI TABJIUM MAB3YJIAPU

Mycrakun ui kapa€HuJa TUHIJIOBUMIIAP MOJYJra Jaoup anabuérnap, ycayOui
KyIaHManap OMIaH TAaHMIIAWIAP. YKUTYBUM TOMOHMIAH OEpHIraH Map3y Oyifrda
TOMIIMPUKHU  MYCTaKwi Oaxapaaunap. YIapHH MyCcTakwi um  cudaruia
pacMuiamTupu®d TapMOK MapKasura Tommmpaawiap. byHnaH Tamkapu, mabpysa
MAIIFyJIoOTIapy MaTepHajiapd Xamjaa Kymmmua anabuérmap OVitmua TanépraHud
peUTHHT OayuTapuHy TYTUTalIuIap.

MycTakui TabJIuM MaB3yJIapu:

1. betoH Ba TeMHUPOETOH TEXHOJOTHUSICHIA PECYPC TEKAMKOP TEXHOJIOTHSIIAP.

2. OnnuHaaH 3ypuKTUPHITaH TeMUpOeToOH1aH (oiTaTaHuIIl HCTHKOOH.

3. Kypyk McCHK MKIUM IIIapOUTHIa OSTOHHY IMapBapUIIT KAJTHUIIL.

4. Exrun Ba orup O€TOHJIap TApKUOWHU XHCOOIAII.

5. OnguHagaH  3YPUKTUPWITAH  KOHCTPYKIMSIHMHT  Typura Kapabd  aHKep
MOCJTaMacWHH TaHJIaII,

6. betonan Oy3MacaaH MyCTaXKaMJIMTHUHA aHUKJTAII.

7. KoHCTpyKIIMAHM Tal€pall yCyJIuHU TaHIalll Ba aCOCIAIL.

8. MaxcynoT Taii€piali TeXHOJIOTUK KapaHUHH TAIIKHUII STHUIII.

9. OnauHaaH 3YPUKTUPUITAH KOHCTPYKIUSIAp YYyH €HTWJI OE€TOH TapKUOWHU
XHUCOOJIAIIL.

10. OnpuHaaH 3ypUKTUPUITaH TEMUP-O0ETOH KOHCTPYKIHUSIIAp HOMEHKIIATYpacH.
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VIL. TJIOCCAPUI

Tepmun ¥Y30ek THIAMAATH IIAPXH HWHIram3 Tuianjaard mapxu

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

[raccucura 6€TOHKOPruy concrete mixer uses a revolving drum to
ypHatwiran 0eToH Taiiépnam Ba [miX the components. For smaller volume
YHU JKOMIaI koiura Tammm, (WOrks portable concrete mixers are often
HIyHUHTJCK OeToH 3aBoauman | Used so that the concrete can be made at
ucrebMounra taiép 6erounu | the construction site, giving the workers
eTka3ub OepyBum aBTOMOOMIB. | 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.

Aemobemonkopzuy

(¢ppany. autoclave, epex. autos —
y3u, 1om. clavis - kanum) —
I0OKOpHU O0CUM ocThaa
(>kapaéHnapHH TE€3JIUTUHU

An autoclave is a pressure chamber used
to carry out industrial processes

Aemoxnas OLIMPUII YiyH) KH3UPHG requiring elevated temperature and
PHIT YAYH) KA3IID pressure different from ambient air
¢bu3uKaBUN-KUMEBUI
- pressure.
JKapacHJIapHU aMaJira OIIHUPUIIL
Y4yH T€pMETHUK €IUK amnmnapar
— CHJIMKAaT 6OFJ'IOBLII/IJ'Iap (OX&K,
IEMEHT Ba yIapHUHT
apajJalimaljiapy) Ba aHOPraHuk ars .- f .
gvn 0 qufa )(acoca}f Silicate binding (lime, cement, and their
ywp P M compounds) and inorganic fillers (sand,
OIaK Ba KyJ'I) acocugaru .
slag and ash) on yuqoriharorat the
FOKOpHXapopar Ba 60cuM . .
Aemoriae b CHDILIE KOTAIIIAH KYDHIALL influence of pressure and hardening of
pHa KoTaz P building materials and products. Steam
Mmamepuaniapu MaTepuaiapu Ba OyroMIIapH.

cooking with saturated steam at the time
of 8-16 hours in a hot-wet processing.
This material silicate bricks, concrete
serg'oak example.

Talépnam BaKTU1a TYHUHIaH
Oyr Owmnan Oy¥nal, 8-16 coar
JTAaBOMH/IA ICCUK-HAM HUIIUIOBU
O6epunaau. by matepuaniapra
CUJIMKAT FUIIT, CEPFOAK
OeTOoHJIap MHUCOJI OYJ1a OJiajIu.

ETHK ITAHIP TAKTHIATH
(mymaiokx) caHoat mevwu.
Aiiianma neus Aliinanma 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
MITAaMIUIAII YYYH METAJLI XOM
alEHN KU3IUPUIL, METAJLIT
Oyromiiapra UCCUKJIUK UIILTOBU
Oepwil, IEMEHT MUIIUPULI Ba 0.
Makcajyiap yayH MyJDKaJUIaHTaH.
[TeyHuHr aitiaHuO TypuLIn
HaTWKACHa UCCUKIIUK OUp
TEKHUC TAaKCUMJIAHAI!, IITyHHHT
Y4yH MTEYHUHT WYKH KOTIJIaMacH
Y30KKa Ydainau. Aiimanma neyaa
Matepuaj ki Oyromiiap
SHUJIFUHUHT EHUII
MaxCyJloTIapH, JEKTP TOKU EKU
NMEeKTp €l OMIIaH KU3IUPUIIaIH.
Kypurtuin Ba HCCUKIIMK UIILUIOBU
Oepull (TEpMUK HILLIALI)AA
Marepua IeYHUHT OUp
OOIINTaH KUPUTIIINO, HKKUHIH
Oommman ynKapuiaau; OyHnaai
newiap y3i1yKCU3 UIIaIIn
MYMKUH.

o Cement

e Lime

« Refractories

e Metakaolin

« Titanium dioxide
e Alumina

« Vermiculite

 lron ore pellets

(J10T. armatura — KypoJi-sipof,
YCKYHa, KHX03)— Oy aeTas €ku
yCKyHasap Hurumu 0ynuo,
MallliHa, KOHCTPYKLUA EKU
MHIIIOOTHHUHT aCOCUN KUCMH

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

Apmamypa o . . in reinforced concrete and
O0ynmail TypuO, yIapHUHT TYFpU .
reinforced masonry structures to
UIUIANINHA TabMUHIA0 Oepaau. -
Temmp-6eTon1a apmatypazan streng.then and hold the concrete in
KOHCT s tension. Rebar's surface is often
Hmna&ygu P —— patterned to form a better bond with the
yayR a - concrete.
A apMarypa cTep>KeHIapHuIaH . .
puamypa pMaTyp P PHA reinforcing cage
Kapkacu scaJiraH Kapkac.
Marepuai €Ku KOHCTPYKLUSHU
0oIIIKa MycTaxKkaMpo .
Apmamypanaw Ka MycTaxiamMpor Reinforcement
MatepHuauap OuiaH
KYWJIQaHTHUPHIII.
TapaHIIIalITUpUIaJuIraln
Apmamypanu apMaTypaHUHI Y3YHIIUTH YHUA

anKepiaut 30Hacu

MaxKamJjaml y4yH eTapiu Oyiran
OXUPHUTHU y4JIapu 30HACH.

rebar reinforcement zone

beanum

WKKH KaJIbIUHIIM CHIIMKATIaru
TYpJIY DJIEMEHTIAp KATTHK
SPUTMATAPUHUHT
YMYMIIAIITAPUIITAaH HOMH.
[TopTnanaueMeHT KIMHKEPUHUHT
HKKHHYHA aCOCUH

Belite is an industrial mineral important
in Portland cement manufacture. Its
main constituent is dicalcium silicate,
Ca2SiOg4, sometimes formulated as 2
CaO - SiOz (C2S in cement chemist
notation).
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MUHepaJlIapuiad OupuIup -
2Ca0-Si0z (C2S). V anmutnan
nacTiaadKky KyHJIapJa CeKUH
KOTHUIIM OwIIaH (papKJiaHau.
YHUHT acocHii MyCTaXKaMJIUTU
Oup Wua atpoduaa TYIIaHAIH.
By MycTaxxaMiIuK aJIMTHHHT
MYCTaXKaMJIUTUTa SKUH.

bemon

MabJIyM MHUKIOpAA Yirdad
OJIMHraH OOFJIOBYM MOJIA,
MaiiJla Ba HHPUK TYJIAUPFUYIIAp
Ba CYB apajlalliMacUAaH TallIKWI
TONTaH KOPUIIMAHUHT acTa-
CEKUH KOTHILIN HaTHXacuia
xocua Oynarad cyHbuid Tom. Y
CyB OmiiaH OOFJIIOBYMHU
peaKIusicl HaTHXacuaa
OOFJIOBYM MOJJIAHUHT
3appaydaiapuiaH, SHCH XOCUII
Oyiran MUHepasuiap/iaH,
TYIAUpFUYIapaaH, CyB, 6ab3u
BaKTJIApJa KYLIWJITaH
KYIIUMYaJaH, KHPUTUITaH
XaBoJlaH udopar oynaran
Mypakkad Ky KOMIIOHEHTJIA
cucTema.

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

bemon 3ae00u

Ooup €xu OUp Heua KypUIIUII
MaiIOHJIApUra Xu3MaT KHIYyBUH
Ba OETOH KOpHUIIMACH EKH KYyPYK
0eTOH KOpUIIMacHHM Talépial
YU4YH BaKTUHYAIUK EKA JOUMHUI

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 IUTyHKEpJIU (TIOPILEHIIN)
HACOCJIM MallluHa.

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

96


https://en.wikipedia.org/wiki/Composite_material
https://en.wikipedia.org/wiki/Construction_aggregate
https://en.wikipedia.org/wiki/Cement
https://en.wikipedia.org/wiki/Lime_(material)
https://en.wikipedia.org/wiki/Portland_cement
https://en.wikipedia.org/wiki/Hydraulic_cement
https://en.wikipedia.org/wiki/Calcium_aluminate_cements
https://en.wikipedia.org/wiki/Road_surface
https://en.wikipedia.org/wiki/Asphalt_concrete
https://en.wikipedia.org/wiki/Asphalt_concrete
https://en.wikipedia.org/wiki/Bitumen
https://en.wikipedia.org/wiki/Polymer_concrete
https://en.wikipedia.org/wiki/Concrete
https://en.wikipedia.org/wiki/Sand
https://en.wikipedia.org/wiki/Water
https://en.wikipedia.org/wiki/Construction_aggregate
https://en.wikipedia.org/wiki/Rocks
https://en.wikipedia.org/wiki/Gravel
https://en.wikipedia.org/wiki/Fly_ash
https://en.wikipedia.org/wiki/Fly_ash
https://en.wikipedia.org/wiki/Potash
https://en.wikipedia.org/wiki/Cement
https://en.wikipedia.org/wiki/Concrete_mixer
https://en.wikipedia.org/wiki/Conveyor
https://en.wikipedia.org/wiki/Stacker
https://en.wikipedia.org/wiki/Concrete
https://en.wikipedia.org/wiki/Pump

beToH Ba TeMup-0ETOH TEXHOIOTUSITIApU

T'uopasnux
0o2noeuu
Moooanap

XaM XaBojla XaM CyBJia KOTHO 3
MYCTaxKaMJIUTHHU XaBOJa 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 silicateslcitation neededly \yjth
lime (calcium oxide).

T'uopamayusa

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)

TYJIIUPrud JOHAJAPUHUHT
WHPUKIINTH Ba YHJAru
aoxuaaru ppaxuusiap
MUKJIOPUHU XHUCOOTa OJTyBUU
XYCYCHAT.

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
cypbarjia COBYTUO HHPUK KyM
CUHI'apH FOBAK JOHAJIapJaH
Tamkui tonrat (5-10 Mm) nuiak
OJIMHA/IH.

Ground-granulated blast-furnace
slag (GGBS or GGBFS) is obtained by
quenching molten iron slag (a by-
product of iron and steel-making) from a

blast furnace in water or steam, to

produce a glassy, granular product that is

then dried and ground into a fine
powder.

Huema memup-

3aBOJIa Tal€paaHraH TEMHP-

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

Gemon OCTOH KOHCTPYKINANAD. 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.
IZupuK mynoupeuy IIIaFajl TOLI Ba YaKUK TOILI. Coarse aggregate
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Kepam3zum

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

tapkubuaa 6-12% TeMup oKCuaIn

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

KYpYK ycyijaa Tau€piaHraH Jou

1100-1300°C na xymaonna 30-
60 MUHYTIa MUITUPUITAIN.
[Mnmmpura xxapaéHuaa Jionaaru
OpraHuK apajammaiap Kynuo,
KOMIIOHEHTJIAp ypTacuaa

OKCHJIJIAaHUII OOIITaHA N Ba ra3

akpana Oonuraiian. Hatnxana

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 KaJbIMH CHIIMKATIIApH,
JIIOMUHATIIApU Ba
oMo eppUTIapUAaH TALIKUIT
TOINTraH, XOM allléHU NUILIUPUO
OJIMHTaH, OPTJIAHALIEMEHT
UILIA0 YUKAPUII YUYH
¢oiifanaHmIaAural MaxcyJor.

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 (MHIIIOOT)
TapkuOuaa 6yyBun >xoitura
tamub onubd Oopunanuran
KHUCMHU. 2. HHIIOOTHHUHT ¥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,citation needed] degign and
financing and continues until the project
is built and ready for use

Muxkpcmpykmypa

MHUKPOCKOII OpKaJIn
KaTTaJTalITUPWITaHJa Ky3ra

KYpHUHYBYH CTPYKTypara
anTHIagn.

Microstructure is the small scale
structure of a material, defined as the
structure of a prepared surface of
material as revealed by a microscope
above 25x magnification.! The
microstructure of a material (such as
metals,polymers,
ceramics or composites) can strongly
influence physical properties such as
strength, toughness, ductility, hardness,
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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 KHITHO,
0eToHaa KM YHUHT MabllyM
KACMH/Ia CUKWITUIITHE 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

3UY TYJIUpyBUMIIap/iaH (Maiiia
Ba lupuk) Qoigananuod
Tal€pJIaHraH - TUPUK JOHAIIU
¢xu (pakat maiiga
TYnaupyBUMIaH (oiinananno
TalépiiaHarad - Maiijia 3appaiu,
1800 nan To 2500 Kr/™M3
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

KapaMai ImacTajJapHUHT
XapakaTJIaHyBYaHIUTU
(OKyBUYaHJIH, STXIIIH
YKOWUJIAIIyBYAHJIUTH )HU
OIIMPYBYH KyIIUMYasap.

KyJia 03 MUKJIOp/Ia KYIIUITUIINTa

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

NOPTJIAHILEMEHT KIIMHKEPH Ba
TUIICHU Oupraiukia MaiiuH
TYWMIL HATUKACKU1A OJIMHIaH
KYKYHCUMOH MaTepuaira
aittunanu. Tyiinm naiituna gaon
MHUHepaJl Kymumya ki Oolka
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.

Hopmnanyemenm
KAunKepu

(30...25 %) runtynpok Ba
(75...80 %) oxakrorn €ku
Tabuuil MepreaHu 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
apaJjialiMacu/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 TYMUHIaH
XO0JIUAA KyIl 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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XUCOOJIaHAIN.

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

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

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

ngthor 5 percent of its weight.

Cugpam

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

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.

Cmeporcennu
apmamypa

CTEPIKEHJIU TEKUC EKU JaBpUU
npodUIIM mynaT apMaTypa;
0ab3u xoJ1apJa TEPMHUK UILIIOB
6epul €xu TopTHO
MyCTaxKaMJIaHTaH.

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

Temupoemon

nyiar apMatypa Ba OETOHHHU
OMPUKTUPHUO OJIMHTAH SIXJIUT
MaxcysoTra aiTuiIau.

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

Texnonozcus

rpek Tuianaal (techne) Tapxxuma
KWJITaH/1a caHbaT, Maxopar,
OUITUIII MabHOJIAPUHU
UHTIaTaau, Oymnap sca ¥3
HaBOaTua KapaCHIapaup.
xapacunap - 0y Kyiuiran

echnology ("science of craft”,
from Greek téyvn, techne, "art, skill,
cunning of hand"; and -Aoyia, -logial®)
is the collection of techniques, skills,
methods and processes used in the
production of goods or servicesor in the
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beron Ba TeMup-0€TOH TEXHOJIOTHUsIIApU

MaKcCa/ira SpUILHUILI Y4yH MabJIyM
Xapakariaap MaKMyacuaup.

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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