MHHHUCTEPCTBO OBPA30OBAHUSI U HAYKHA POCCUMCKOM ®EJIEPAIIMA
DenepalibHOE TOCYIAPCTBEHHOE GIOKETHOE 00Pa30BaTeIbHOE YUpeKIeHIe BbICIIEro 00pa3oBaHus

«HAIIMOHAJIBHBIN UCCJIEJOBATEJIBCKUMA MOCKOBCKHM
IT'OCYJIAPCTBEHHBIV CTPOUTEJIbHBIA YHUBEPCUTET»

KA®EJIPA )KEJE30OBETOHHBIX U KAMEHHBIX KOHCTPYKIIUI

METOJINYECKHUE YKA3ZAHUSA
K BBINIOJIHEHUIO JIA00PAaTOPHBIX paboT
1o JucuuIuInHe «7Ke1e300eTOHHBbIE U KAMEHHbIE KOHCTPYKINI)
s ctyaeHToB crnenuaabHocTH 08.03.01 « CTpouTtebecTBOY,
npopuiis — «I[IpoMbIlILIEHHOE U TPAXKIAHCKOE CTPOUTEILCTBOY,

kBasMukanus — 6akajaBp

Mocksa 2013



CocraBurenu:
cm. npenodasamensy Canpvikun B. .

cm. npenooasamensv bapoawes H.11.



Beenenne

VY4eOHoil nmporpammoit kypca «Kene300eToHHbIE U KaMEHHBIE KOHCTPYKIIMM»
NOMUMO TEOPETUYECKUX 3aHATHI MPEayCMOTPEHO BBINOJIHEHHE CTYyJEHTaMU
YeThIpeX JIabOpaTOPHBIX padboOT ¢ OOIIMM 00bEMOM Y4eOHOTO BPEMEHHU — 8 4acoB.

OcHoBHasi 1edb Ja0OpaTOpHBIX pabOT B 0OIIEM IUIaHe — YIIyOJIeHHeE,
pacuIMpeHne U 3aKperieHUe 3HAHUMU, MOJTYYEHHBIX Ha TEOPETUUYECKUX 3aHSATHUSAX 10
JaHHOMY KYpCYy.

Kpome Toro, B mpoiiecce BBINOJHEHUS JIA0OPATOPHBIX pPAOOT CTYJEHTHI
MOJTy4aloT U OCBAUBAIOT:

- METO/IMKY TOJyYeHHUS! MPOYHOCTHBIX XapaKTEPUCTHK OETOHA W apMaTyphl IO
pe3ynbTaTaM MCHBITAaHUM O00pa3loB (pealbHBIX MCHBITAHUA WM  BbIJIAHHBIX
KOMIBIOTEPHON POrpaMMOit [ TaOOpaTOPHBIX PaObOT YCIOBHBIX 3HAUEHUH);

- IPEJICTABJICHUE O KOHCTPYKTUBHOM PEUICHUU PEAIbHBIX OIBITHBIX 00pa3lioB
(apMupoBaHue, omamyOOUHbIe pa3Mephbl U Ap.) WM WX BU3YAIbHBIX MPEICTaBICHUN
Ha nepcoHanbHbIX KoMmibtoTepax (I1K);

- CYIIECTBYIOIIYI0 TPUOOPHYIO0 0a3y, OCHACTKY U 000pY/I0BaHUE, HEOOXOIUMbBIC
JUIS IPOBEJICHUS UCTIBITAHUM OMBITHBIX 00pa310B B JIA0OPATOPHBIX YCIOBHUSX;

-HaBBIKH B OKCIIEPUMEHTAILHON TMPOBEPKE TEOPETUUYECKUX OCHOB PaOOTHI
KEJIe300€TOHHBIX KOHCTPYKIIMA TIOJ HArpy3Kol TIpH pPa3IUYHBIX CHJIOBBIX
BO3/ICHCTBUX U XapakTepa pa3pylIeHHs ONBITHBIX 00Pa31oB;

- METOJIMKY COTOCTaBJICHHSI OMBITHBIX MAapaMeTpoB, TMOJYYCHHBIX MPH
UCTIBITAHUU 00PAa3II0B, C UX TEOPETUUECKUMH 3HAUYCHUSIMHU.

B npouiecce BbIOTHEHMS J1a0OPATOPHBIX pabOT KAkl CTYIEHT AOKEH BECTH
PETUCTPAIMIO OMBITHBIX TapaMeTpPOB Ha BCEX JTalax HarpyXeHus o0pas3IoB B
MpOTOKONIaX (KypHajlax) AJi JIabOpaTOpHBIX paboT ¢ TrpaduyueckuM MOCTPOSHUEM
COOTBETCTBYIOIIIUX CXEM, TAOJHII, JUArPaAMM.

Kaxnmas pabota mdomKHAa 3aBepliaThCs 3aKIOYCHHEM O TPOBEACHHOM
UCIBITAHUU C aHAJM30M IOJYUYEHHBIX Pe3yJbTaTOB U cAauel CTYIEHTOM 3adyeTa IO

Kaxaoh J1abopaTtopHoi paboTe, TMpU  YCIOBUM  IOJOXKUTEIBHOM  OIIEHKH



CaMOCTOSITENIbHBIX OTBETOB CTYJEHTa Ha KOHTPOJIbHBIE BOMPOCHI MPENOJaBaTEINs,
IPOBOAMBILIETO J1a00paTOpHbIE PAOOTHI.

JIaGopaTopHblie pabOThI MOTYT ITPOBOAUTECS 110 OJHOMY U3 ABYX BApHAHTOB:

1) HcnpiTaHue peanabHBIX ONBITHBIX  00pa3lioOB, BBINOJHEHHBIX U3
)Kee300eToHa Ha CUIIOBOM 00OpY0BaHUU,

2) BuptyanbHble ucnbITaHUsl 0ajJOK C HMCIOJIB30BAHHMEM KOMITBIOTEPHBIX
IPOrPaMM.

JlanHHOoe  MeToaMyYecKoe Ioco0ue  Mpeijiaraercs  MCIHOJb30BaTh  Kak
BCIIOMOTaTeNbHbIM MaTepuan NpH 3aloJHEHUU MPOTOKOJIOB HCIBITAHUNA B pamKax
KaXaou snabopaTopHoil paboThl. ONMH IK3EMIUISP MOCOOUS Ha JBOMX CTYJEHTOB
BBIIACTCSL Tepel BBHITIOJHEHHEM J1a00paTOPHBIX pabOT W TOCIe WX OKOHYAHUS

CAACTCH ITPCIIOJAaBaATCIIHO.



JlabopaTtopnast paboTa Ne3
HcnbiTanue kes1e300eTOHHOI KOJIOHHBI HA BHELIEHTPEHHOE C/KATHE C
00JILIIUM IKCIEHTPUCUTETOM

[lenpto  maGopaTopHOit  pabOTBI  SBISETCS  M3YYCHHE  HAMPSHKCHHO-
ne(hOpMUPOBAHHOTO COCTOSTHUSI HOPMAJIBLHOTO CEUYEHHS KeJIe300€TOHHOTO AJIeMEeHTa
Ha Pa3JIMYHbIX CTAUAX: yIpyTasi paboTa, MOsBIECHUE TPEIIMH U pa3pylLICHHUE.

[IpuBeneHHbIE B METOAMYECKOM yKa3aHUU BUCOKAJIPbl 3HAKOMAT CTYJIEHTOB C
OTEepALUSIMU, BHITMOIHAEMBIMU MPU MPOBEACHUN HATYPHOTO UCIIBITAHMUS.

JlJis HAaTYpHOTO HCIIBITAHUS M3TOTOBJICHA >KEI€300€TOHHAs KOPOTKasi CTOMKa C
KOHCOJISIMU JJI1 yI00CTBa BHELIEHTPEHHOT'O MPHJIOKEHUS CKUMAIOIIEH Harpy3KH.
Kononna apmupoBaHa Bsi3aHBIM MPOCTPAHCTBEHHBIM KapKacoM M3 4-X MPOJ0JIbHBIX
CTEpXHEH U 3aMKHYThIX XOMYTOB.

[IpononbHast apmaTypa 1O TpaHUM KOJOHHBI HauOoliee VYAAJIEHHOM OT
npoaoabHON cxxumarorier cuiasl — 2d 14A400, mo mpoTHBOIONIOKHON TpaHu - 2d
8A240. Xomythl BbImodHEeHbl U3 npoBosioku B500 d6 mwm. Ilonepedunoe ceuenue

KOJIOHHBI b-h=150-150 mm .

[IpocTpaHCTBEHHBI apMaTypHBIM KapkKac MpEeACTaBlIeH B J1adOpaTopuu B

KaueCcTBE HaTypHOTO 00pasIa.

Puc 30. Apmamypnwiil kaprac Ko10HHbL

Ilopsook evinonnenust pabomol:

1. Omnpenenenre XxapakTepUCTUK OETOHA;

2. OnpeneneHue XapakKTEPUCTHUK CKATOM U PACTAHYTON apMaTypsbl;
3. ["'eoMeTpuyeckue pa3Mepsl U CXeMa apMUPOBAHHS KOJIOHHBI,

4. Cxema 3arpy’kKeHusi KOJIOHHBI;



5. OnpeneneHue TEOPETUYECKON IPOJOJIBHOM pa3pylIAOIIEn CUIIBL;

6. HMcneiTaHue KOJIOHHEI,

7. CormocTaBieHue PE3YJILTATOB OIILITAa U PACUYCTOB.

Onpedenenue npouHOCMHBIX XAPAKMEPUCMUK DemoHa

Jlyis onpeneneHns MPOYHOCTHBIX XapaKTePUCTHK OeToHa ObUIM W3TOTOBJICHBI U
UCTIbITaHbl 3 OETOHHBIX OOpas3iia B BHIe KyOOoB ¢ pasmepom pedbpa 150mm. Ilo
pe3ylnbTaTaM HUCIBITaHHA KyOOB OMNpPENelIeHO CpelaHee 3HAavYeHHe KyOWKOBOM

NpOYHOCTH OETOHA - R, M MPOYHOCTH OETOHA HA C)KATUE M PAaCTsSHKEeHUE - R, R,

Onpe,qr-mEH Me NPOYHOCTHLIX XapaKTepUCTUK 6eToHa

RI
R 2 40 Hf’MMz

42 Him2

R3 = 30 Hinen?

CpedHee 3HaveHue Kybukoeod npoyHocmiu Bemowda o

?g% {r pesynemamam UchbimaHrun Kyooe:

e R +R+R, R HM|+H] g
3 3 1 3 figee.

Hf’MM2

7 7

lNpuzmerHan npoyHocme Bemora, omeevyarwan cpedHel
KyOUKOBOII MPOYHOCTIU:

R, =(0,77—0,00125R)R = (0,77 —0,00125 {5 )-[o5 |= 20 Hhne?

Puc 31. Onpedenenue npounocmuuix xapakmepucmux 6emona
[TpounocTs 6€TOHA TTPY OCEBOM PACTSHKEHUH, OTBEUAIOIIAsl CPEAHEN KyOUKOBOM

IMPOYHOCTH:

o = 5R_: 5-40.3 =2.36 H | um?
45+ R 45+40.3

Onpeodenenue xapakmepucmuK cxHcamoul U pacmaHymou apmamypol
Jns onpeneneHWss NPOYHOCTHBIX XapaKTEPUCTHK CXATOM M  PACTAHYTOM
MPOJOJBLHOM apMaTypbl KOJOHHBI MPOBEJAECHO WCIBITAHUE HAa pacTshKeHUE 3-X

oOpa3sioB apmatypsl kiacca A400 d14 mm u 3-x oOpasioB apmatypsl A240 d8 mm.



OnpefeneHne NPOYHOCTHLIX XapaKTEPUCTUK CXKaTO apMaTypbl

Onpedenerue conpomusneHus cxamuio cmepxHesod apmamypst A240(6uamemp  8mm)
(0Bpa3ybi UCTLIMBIEAKIMCH HA PACISKEHUE).

O-yl = 220 Hium? D.yz = 243 Ham? O-yg =239 Ham?

LT PR ++

= = = 234 HHMM2
3 3

Mockonsky apmamypa A240
pabomaem oduxakoso Ha
pacMAREHUe U Ha CXamue, &
Kauecmee PECUENHOz0
GOMPOMUENEHUR GRAMUI0
npuHUMaeM cpedHee 3HadeHUe
huzuyeckozo npedena
MEKyYecu;

&
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Puc 32. Onpeodenenue npounocmmuvix Xapakmepucmux CoHcamou apmamypol

OnpepeneHre NPOYHOCTHbIX XapaKkTepUCTUK PacTAHYTOW apMaTypbl
Onpedenerue COMPOMUSIEHUA PacmAKeHU0 cmepxHesold apmamyps: A400

(Buamemp 14 M)
O-yl = 402Hmm? O-yg = 402 Hiume? O-yj = 370 Ham?
Hinm?
B kavecmse pacyelmnHo20 CoOfpomusneHus

apMamypsbl PacmaAXeHUI0 MPUHUMaeM cpedHee
3HaYeHUe (UIUYECKOZ0 npedena MmeKyyecmu:

O'y1+0'},2+0'y3
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Puc 33. Onpeoenenue npounocmmuvix xapaxmepucmux pacmsHymou apmanmypul

I eomempuiecKue pasmepsbl, CxXema apmuposanusl U 3apy)Hcenusn KoJjiOHHbl



Cxema ApMHUPOBaHWA U 3arpyxxeHnA KONOHHbI
1-1

O

E223MM. T_ppIYaXKHbIE TEH3OMETPbI

-

Puc 34. Cxema apmuposanusi u 3a2pysicens KOIOHHbI

Ceuenne ombiTHOTO oOOpasma 150x150 wmm, apmarypa A =2d14 A400,
A'=2d8 A240.

Buemnss cxumaromas cuna N OpuiioxkeHa € pacCTOSHUEM OT PACTSHYTOM

apMaTypsl e =230 mm, OT CKAaTON apMaTypbl e'=120 mm

Onpedenenue meopemuueckoii nPOOObHOU PA3pyuiarouieii cuibl

Hcxonnbie nanHbie 115 pacyera:

e[Ipu3meHHas MpOYHOCTH O€TOHA - R, =29 H/mm?;

¢ COnpoTUBIIEHUE ApMATYPhl PACTSKEHUIO - R, =391.3H/mm? |
¢ CONpOTUBIIEHUE apMATYPhI CKATHIO - Ry, =234 H/mm’;
eMoynb yIpyroctu apMaTyphl - E, =2-10° H/mm?;
e[Inomaas ceueHUs: pacTAHYTON apMaTyphl - A, =308 mm* ;
e[Inomaas ceueHus C:KaTo apMaTypsl - A,'=101mm’;

09KCHCHTpI/ICI/IT€T MMPpOAOJBHOIO YCHIIMA OTHOCHUTCIBHO ILCHTpa TAXKCCTH

ceueHust O€ToHaA - e, =175mm
e]lluprHa cedyeHNs KOJIOHHBI - b=151mm ;

ePabouas BbICOTa CCUCHUS - h, =130 MM |



ePaccTosiHME OT IpaHU CEYEHMS 10 LIEHTPA TSKECTH NMPOAOJIBHOU apMaTypsl -
a=a'=20mmM.
TeopeTndeckoe 3HaYEHUE NMPOAOJIBHOW PA3PYIIAXONIEH CHJIBI BBIYUCISAETCS U3

YCIIOBUA PAaBCHCTBA HYJIIO CYMMBbI HpOﬁKHI/Iﬁ BCCX CHJI HA ITPOAOJIBbHYIO OCh:

Nul,cal = Rb b-x+ Rsc ' Asl_Rs : As
g
c0 N
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Puc 34. Cxema pacyemusblx ycuﬂuﬁ 8 CeUEHUU COHCAMO20 HCene300emoHHO20 dJIeMeHmMA C pac4emmnvbim

IKCYyermpucumemom

BHeneHTpeHHO CKaThIi  JKeNe300€TOHHBIA dJeMEHT Oyner paboTaTh TIO

HpCHCTaBHCHHOﬁ CXEMC B Cliydae, €CJIM BBICOTA C)KaTOM 30HBI 6y,Z[CT MECHBIIIE €€

X X
IPENETbHOrO (TPAaHUYHOI0) 3HAYECHHUS, T.€. X < X5 WIIHU &= < Er = h—R :
0 0

FpaHI/I‘-IHaH OTHOCHUTEIbHAS BBICOTA CXKATOM 30HBI:

X 0.8 .
Ep=-—"=—"——,8 Xz =Eg-hy;

1+ gs,el
€p.ult

€, - OTHOCHUTENBHAs Je(opMalys pacTIHYTOM apMaTypsl IIPHU HANPSHKEHUSX,

paBHBIX R,



R, 391.3
el == = 5
E. 2-10

=0.00196 ,

€pux - OTHOCUTENbHASA Je(OpMaLHsl CKATOro OETOHA IPU HANPSKEHUSX, PAaBHBIX

R, , npuHuMaemas pasHoi 0.0035;

0.8 0.8

_ =98 0513 x. =0513-134=68.7 su "

Sk ., 000196 ~ 156 » Xr MM
0.0035

BricoTta ckatoli 30HBI ONpPENENAETCS W3 YCJIOBHUS PABEHCTBA HYIIO CYMMBI

MOMEHTOB BCEX CHUJI OTHOCUTEJIBHO OCHU I[eﬁCTBHH HpOI[OJILHOﬁ CHJIBI.
! ! X 1 1
Rsc As 'e_Rs As 'e+Rb 'b'X-(2+e—aj=0,
h .. h ..
31CCh €=¢, -I-E—a, e'=¢e, _5_4_3_ ;

W3 perienust 3Toro ypaBHEHUS:

x=(hy —¢)+ \/(e g ZRA T RAT) 0y 50),
R

+ \/ (230 -134) + 2-(391,3-308- 230 - 234-101-120)
29.151

=475 mMm.

X=47.5<Xg =68.7 MM, ,Z[GﬁCTBPITGJIBHO, HNMEEM cnyqaﬁ BHCUCHTPCHHOTI'O CXaTus C

OOIBIINM OKCHCHTPUCUTCTOM.

TeopeTndeckoe 3HaUEHUE IPOIOIBHON Pa3pyIIAOIIEN CUIIBIL:

Ny ca =Ry -b-X+Ry - A/'=R, - A, = 29-151- 47,5+ 234-101—391,3-308 =111100 H.

Hcnvimanue KonouHbl

HcnpiTanue MNpPOBOAWUTCS HA THUIPABIMYECKOM IIpecCe€ B  BEPTHKAIbHOM
nosioxkenuu. IlpogonpHas cuna N cozpaeTcs NMOABMXKHOW IIMTOW mpecca. Touka
nepefadyd  yCWIMs  Ha  KOJIOHHY — OINpPENENsieTCs  BEIMYMHOW  3aJaHHOIO
DKCLEHTPUCUTETA. BenuunHa NpPOJOIBHOM CHJIBI KOHTPOJIMPYETCS MO IIKale
cuinousMepuTenss mnpecca. s u3mepenus nedopManuu pacTSHYTOro OeToHa B
HauOoJsiee HaIpsHKEHHOM CEYEHHMH Ha o0paslie yCTaHaBIMBAIOTCA MEXaHUYECKHE U

AIIEKTPUYECKUE TPUOOPHI — TEH30METPHI U TEH30PE3UCTOPBHI.



3arpyxenue oOpa3na TNPOU3BOAUTCA  CTYNEHSIMH, pa3Mep  KOTOPBIX
NpUHUMAaeTCsT paBHbIM mnpuMmepHo 10% oOT pacueTHON paspylIaroueld Harpys3Ku.
[locne kaxmoi CTYNEHHU 3arpyKeHUsl NAeTcs BBIIEpPKKa 1Mo 3-4 MUH, BO BpeMs
KOTOPOW CHHUMAIOTCA M 3alMCBIBAIOTCA IOKa3aHWs MpUOOpPOB, OCMaTpHUBAETCS
MOBEPXHOCTh PACTSIHYTOM M C:KAaTOM rpaHu oOpasiia.

[Io mepe Bo3pacTaHus Harpy3Kd B PACTSHYTOM 30HE CEUYEHHS] HAYMHAIOT
00pa30BBIBATHCA MEPBBIE TPEUIMHBI, HOPMAJIBHBIE K MPOJOIBLHON OCH KOJIOHHBI. JlJis
JYYIIEro BOCIPUATHS KapTUHBI TPEIIMHOOOPA30BaHUs, TPEIIMHBI OOBOSATCS TYLIBIO.

Tenepp KkojMOHHa paboTaeT C TpeUIMHAMH B PACTIHYTOM 30HE, YTO
COOTBETCTBYET BTOPOIl CTa UM HANPSKEHHO-ACPOPMUPOBAHHOTO COCTOSHUS.

[Ipn panbHeilieM YBETWYEHUM HArpy3Kd OOpa3yrOTCs HOBBIE TPELIMHBI, a
MOSIBUBIIIKECS PaHee, PaCTyT U MIMPUHA UX PACKPBITHUS YBEINUNBACTCS.

PocT Harpy3ku OpUBOAMT K JalbHEHIIEMY YBEJIWYEHHUIO JUIMHBI TPEIIUH U
HIMPUHBI UX pacKpbITHs. Bee 6omee 3aMeTHa KpUBU3HA KOJIOHHBI.

Ecnu  MBICIEHHO TNEpEeBECTHM KOJOHHY B TOPU3OHTAJIBHOE IOJIOXKECHHE
pacTSAHYTOW 30HOM BHM3, TO JIETKO YBUJIETh, UYTO PACIOJOKEHHE U HaIpaBJICHUE
TPEHIMH OJU3KO K TOMY, YTO MbI HAa0JIFO1alTi B 30HE YHUCTOTO M3ruda 0aiku, KOTOPYIO
UCIIBITHIBAJIA B TIEPBOM 1abopaTopHOM paboTe. DTO MOATBEPKIAET AHATIOTUIO MEXKITY
paboToi u3rudaeMbIX FIEMEHTOB W BHELUEHTPEHHO CHKAThIX 3JEMEHTOB € OOJBIIMM
HKCUEHTPUCUTETOM, PACUYETHBIE SIIOPbl HANPSHKEHUH B STHUX DJJIEMEHTaX TaKkkKe
0JIMHAKOBBI. HakoHel, ¢ MOMOIIBI0 CHIIOU3MEPUTENISE OOHAPYKUBAEM, UTO, HECMOTPS
Ha T0Jady Maclia B HWIMHIP THAPABINYECKOrO IMpecca, Harpy3ka He pacTer. JTo
CBUJICTEIILCTBYET O TOM, YTO PACTSIHYTas apMarypa JIOCTHUTJIA Tpejaesia TeKy4eCTH,
HaIpspKeHUE B OETOHE CHKATOM 30HBI JIOCTUIIIO CONPOTUBIIEHUS OE€TOHA, a B CEYEHUSIX
KOJIOHHBI C TpEIIMHAMU HaNpsHKEHHO-Ie(OPMHUPOBAHHOE COCTOSIHUE JOCTHUTJIO
TpeThel cTaauu. bonbime nepopmanuu B cxKaTO 30HE MPUBOAAT K pa3ApOOJICHUIO
OeToHa.

OcBoOOXkJIeHHas OT OKpYy’)KallIlero OeToHa cXkaTas apmaTrypa TepsieT

ycToiunBocTh. [Ipoliece pa3pyiiieHust NpOUCXOAUT MOCTENEHHO, MJIaBHO.



B xone wcnbITaHWs BHU3YaIbHBIM IIYTEM M IO MPUOOpPaM yCTaHABIUBACTCS
Harpy3ka oOpa3oBaHHs TPEIIMH B pacTAHYTOH 30He OeroHa. CocTaBisieTcsl cxema
TPEIMHOOOPa30BaHUs U paspylieHus obpasna. OUKCUPYETCS AKCIEPUMEHTATBLHOE
3HAUYCHHE Pa3pyIIAIONIEH Harpy3Ku, KOTOPasi CPAaBHUBAETCS C PACUCTHBIM 3HAYCHUEM

3TOU HArpy3KH.

- e

Puc 35. Hcnvimulgaemvlii 0bpaszey neped paspyutenuem

WcnbiTaHue KONOHHBI

£ =0.001856 B £=000219
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Puc 36. Cxema paspywenus obpazya



Conocmaeﬂenuepesyﬂbmamoe onsima u paciemoe

Teoperndeckas paspymaromas cuna: N, =111100 H.
OmnelTHas paspymaromas cuia: N, ., =119000 H.

BennuuHa OTKIOHEHUS:

N -N -
ul,cal ul,exp .100% = 111100 —-119000 .100% = —7.11%.
N cal 111100
Bormpocs! 1t TOArOTOBKH K 3alIUTE J1abopaTopHOU padoThl No3
1. Kaxkas niens cTaBuTCS TTpH MPOBEICHUN JaHHOW JTAOOpaTOpHOM pabOThI?
2. KakoBbl KOHCTpYKIIMM M pacueTHas CXeMa OIBITHOrO o00Opasia

BHELIEHTPEHHO CKaTOr'0 JIEMEHTA?

3. Kak onpenenstorcst mpoYHOCTHBIE U Ae(POpPMAIIMOHHBIE XapaKTEPUCTUKU
OeToHa M apMaTyphbl, UCIOIb3yEMBIX JJIs1 U3TOTOBJICHHUS OMBITHOTO 0Opa3na?

4, Kak ornpenenuTs SKCLIEHTPUCUTET IPUIIOKEHUS BHEIIHEH HArpy3Ku?

5. Kak ocymecTBisiercss 3arpyXeHue KOJIOHHbI U KaK KOHTPOJHPYETCS

BEJIMUMHA HArpy3KH, MPUIOKEHHON K OTIBITHOMY 00pa3iry?

6. Kakue npubopsl HCHOAB3YIOTCS At u3MepeHus nedopmanuii 6etoHa?
7. B kakux Mecrax 3J€eMEeHTa CIeyeT OKUIATh IOSIBICHUE TPEIUH?
8. IIo KakOMy KpPUTEPHIO ONPENEIIAECTCS PACUETHBIN CIy4ald BHELICHTPEHHO

CKAaTOTO AJeMeHTa?

9. Kak mno rpadukam pedopmanuu OETOHA ONpeNeIUTh HArpy3Ky
oOpa3oBaHMsI TPEIIUH?

10. Kakas cragus HanpsikeHHO-1e(OPMUPOBAHHOTO COCTOSHUS TIOJIOKEHA B
OCHOBY pacueTa IMPOYHOCTH BHELEHTPEHHO-CXKATOr0 3JIEMEHTa?

11. Kak ONPENECTUTD TEOPETHYECKYIO HECYIIYIO CIIOCOOHOCTH
BHELIEHTPEHHO-CKATOTO JIEMEHTA?

12. Kak omnpenensiercss BenuurMHA SKCIEPUMEHTAIBHOW pa3pylIArOLICH

Harpy3kKu?



13. Jlnst 9ero BO BHEUEHTPEHHO CXKATBIX DJEMEHTaX YCTaHABIWUBAIOT
MONEPEYHYIO apMaTypy?

14. Kakue ycinoBHS CTaTUKM HCIOJNB3YIOT IPH pacdeTe HOPMAIIbHBIX
CEUEHU Ha BHELICHTPEHHOE C)KATHE?

15. [ToueMy B CXaTbIX JKEJIE300€TOHHBIX JJIEMEHTAX HE BO3HHUKACT

LHEHTpaJIbHOE CKaThE?

16. [ToueMy pa3nuyaroT NPU3MEHHYIO U KyOMKOBYIO IPOYHOCTH O€TOHA MpHU
CKaTUU?

17. Kak MOXHO yBeIMYUTH CONPOTUBIICHUE OETOHA CIKATUIO?

18. B uyem mnposBusercs paznuure pabOThl U pa3pylIeHUE CXKAThIX

DJIEMEHTOB C OOJIBITUMHU 1 MaJIbIMH SKCIICHTPUCUTETAMU?
19. Kakue xene300eTOHHBIE 3JIEMEHTHI 3[JaHUNA U COOPYKEHHUI paboTaroT B

YCIIOBUSIX BHELICHTPEHHOTO CKATHUs?

20. EcTb nu pasHHMIIAa MEXIy BHEICHTPEHHBIM C)KaTHEM H CKAaTHEM C
U3rnoom?
21. Kak BBIYMCIMTH OTKJIOHEHHE OMBITHOIO 3HAYCHHUS Pa3pyIlaroIiei CHJIbI

OT €€ TeOPETUUECKOr0 3HAUCHU S ?

22. Yem 00BsICHSETCS OTKIOHEHHUE TEOPETUYECKOTO U IKCIEPUMEHTATBHOTO
3HAUEHUS Pa3pyILIAIOIIEeH CUIIbI?

23. Kak Oymetr u3MeHSThCS TPEIMMHOCTONKOCTh U TIPOYHOCTh BHEIIEHTPEHHO
C)KaTOro 3JIEMEHTAa B 3aBUCUMOCTH OT BEJIMYMHBI JKCIIEHTPUCUTETA MPUIOKEHUS

Harpy3ku?

[IpoTokon BeIMoaHEHUS JabopaTOpHOM padoThl Ne3

Hcnvimanus scene300emounotl KOJ0OHHbL HA 6HEYEHMPEHRHOE colcamue

Onpeoenenue pacuemuuvix XapaKkmepucmux pacmaHymou apmantypl



B xauecTBe pacdyeTHOr0 CONPOTUBIIEHUS apMaTypbl PACTSKEHUIO IPUHAMAEM

cpenHee 3HaYeHUE (PU3NIECKOTro mpeesa TeKy4eCTH:

_Gyl +Gy2 +Gy3

s = H/mm?
3

Onpeoenenue pacuemuvix XapaKkmepucmukK cHcamoil apmamypol
[Tockonpky apmarypa A240 paboTaeT OAMHAKOBO HAa PACTSHKEHUE U CXKATHE, B

Ka4CCTBC paCUCTHOI'0 COIIPOTHUBIICHUA CKATHUIO IIPUHUMACM CPECAHCC 3HAYCHUC

bu3HYecKoro npesena TeKy4ecTu

_Gyl +Gy2 +Gy3

s = H/mm®
3

Onpeoenenue pacuemHsix XapaKmepucmuk d6emona

CpenHee 3Ha4eHHE KyOMKOBOM MPOYHOCTH OETOHA MO pe3yJIbTaTaM HUCIBITaHUS

Ky0OB

_Ri+Ry +Ry Hand
3

[Tpu3menHast npoYHOCTh OETOHA, OTBEYAIOLIAsl CPEeIHEN KyOUKOBOW MPOYHOCTH:

R

R, =(0,77 —=0,00125R)R = H/vm?

[IpouHoCTh O€TOHA ITPU OCEBOM PACTSHKEHUH, OTBEUAIOIasl CPpeAHEeN KyOUKOBOM

IMPpOYHOCTH

5R
R: =
T 454 R

Onpedeﬂenue CPARHUYHO020 3HAUEHUA OMHOCUMEIbHOU 6bICOMbBL CHCAMOU

H/Mm?

30HbI Demona

e e _ 08
§ ho Ss,el
1+
€p,ult
R
Ss,el Es
S
Sb,ult = 0.0035

Onpedenenue meopemuueckoii RPOOOIbHOU Pa3pyuiarouiet cuibl
[ pann4Has BbICOTA CXKATOMU 30HBI:

Xg=E&g-hp=__ ™M



BricoTa c:xatoii 30HbI (BBIYUCISIETCS U3 YCIOBHS PABEHCTBA HYJIIO CYMMBI

MOMCHTOB BCCX CHUJI OTHOCHUTCJIBHO OCH I[eﬁCTBHH HpOI[OJIBHOfI CI/IJIBI):

x:(ho—e)+\/(e—h0)2+2'(Rs'As'e_RSC'AS"e‘)z o
R, -b

T.k. *<*r, umeem |-bIii clrydaii BHELIEHTPEHHOTO CHKATHS.
Teopernyeckoe 3HaYE€HUE NPOJOJIBHON pa3pyILIaroLIel CUIbl (BBIYUCIIAETCS U3
YCIIOBUS PAaBEHCTBA HYJIIO CYMMBI IPOEKIIMKA BCEX CUJI Ha MPOJIOJIBHYIO OCh):

Ny =R, -b-X+R, AR, A = H

ul,cal

Hcnvimanus KononHbl

Hoepyska obpaszobanus mpewun — Kn
Paspywaowos Hazpyska — Kn

-40 -30 -20 -10 10 20 0 el
Conocmaesnenue pe3ynbmamoe onvima u paciemoe
3KCHepI/IMeHTaJ'IBHa$I pa3pyuiaromas cuiaa:

N H

ul,exp =

Bennunnua orkimonenus B %:

Nul,cal - Ncrc,exp o/ _ o
-100% = %
ul,cal
DakynpTET, KYpC, [IpenomaBarenn
rpymma
CryneHTbl IToanuce

Hata




