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Mo ctatbe 15 1 18 3akoHa o cTpontenbcTBe 06bLeKTOB (CnyxebHbi rnacHnk Pecnybnmku
Cepbuun, Ne 44/95) BoigaeTtca

YAOOCTOBEPEHUE

UTto coTpyaHunkmn VIHCTUTYTa MaTepmanoB 1 KOHCTPYKUmin npu CTponTenbHOM hakynbTeTe
Benrpagckoro yHuBepcuteTa:

1. MNpod. gp. Muxannom MypasneB, OUNN.MHX.CTPOUTENb
(oTBETCTBEHHOE NULO NPU UCTIBITAHUN)
2. Mpod. ap. Oparvua Mestvy, ANNM.NHX. TEXHOMNOr

3. AccucTteHT Mp. umntpune 3akny, ANNN.UHX. CTPOUTENb

MarotoBunm TEXHUYECKAA JOKYMEHTAUWA, a umeHHo:

OTYET
NCIMbITAHNA NMOBEOEHNA MOHTAXHbBIX HAMNOJbHBIX CUMIPOITAT MNINT
MNP HAIPY3KE

(SaKJ'I}O‘-IEHVIe BblJaHO Kak YacTb ncnbitTaHnd 3a 2003 r. B paMKax Hay4YHO-uccnenoBaTesibCKoro
npoekTa «MccnepgoBaHusa ocBoeHUs 1 npuMmeHeHna coBpeMeHHbIX MaTepuarnoB 1 n3genunin B CTpOI/ITeJ'IbCTBe»)

Hactosiwas OOKyMeHTauuna n3rotoBsieHa B NnoJiIHOM COOTBETCTBUA
C Tpe6OBaHI/IeM 3akas4dnka n ctatbsiMu BbILLEYNOMAHYTOIO 3akoHa.

Benrpag, okta6pb 2001 .
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HekaH CTpouTenbHoro gakynoreta
npoc. Op. AnekcaHap LiBeTaHoBUY, ANNN.UHXK. CTpOUTENDb



OTYET

NCIMbITAHNA MOBEOEHNA MOHTAXHbBIX HAMNOJbHBIX CUMIPOITAT MINT
MNP HAIPY3KE

1. OBWWE OAHHBIE:

1.1. 3akasuuk: CUMIMPO - lMpeanpusiTue no UHXUHUPUHTY, KOHCANTUHTY U
obopoty [100, r.benrpag, Boesoge Ctene g.251

1.2. VicnonHuTenb UcnbiTaHUs: UHCTUTYT MaTepranoB 1 KOHCTPYKUMIA Npu CTpoUTENbHOM
dakynbTeTe benrpagckoro yHMBepcurteTa.

1.3. OB6bEKT ncnbiTaHus: Ucnbitanne MOHTAXHbBIX HAMOJIbHbIX Cumnponut nant

npu Harpyske

1.4. Bwug vsgenus: MOHTaxHble ogHocnonHble (COIM) n TpexcronHble (CYI1)
nnnTbl 3 CumnponuTa — 3anaTeHTOBaAHHOIO CBEPXJ1IENKOro
KOMMO3uTa, N3roToBMEHHOro Ha OCHOBE LieMeHTa, BoAbl,
wapukoB neHonnacta (BINC) u cootBeTCcTBYOWMX A06ABOK.

[laHHOe ncnbiTaHMe NpoBeaeHo B pamkax gorosopa Ne92120/3 ot 14.11.2002 r.,
3aKITOYEHHOro Mexay dupmorn « CUMnpo» U CTponuTenbHbIM hakynbTETOM yHUBEPCUTETA T.
Benrpaga c uenbio peanusaumm npoekTa «ccnegoBaHus 0CBOEHUS 1 NPUMEHEHNSI COBPEMEHHbIX
mMaTepuanoB 1 U3genuii B CTPOUTENLCTBE», NPOPUHAHCMPOBAHHOTO MUHMCTEPCTBOM HayKu
TexHonornm n passutms Pecnybnukn Cepbus.

2. NPOBEAEHHBLIE NCTbITAHNA:

B xome nabopaTopHbiX WCMbITAHUA HaMoSbHbIX MOHTaXHbIX  Cumnponut nnut Gbinn
MCMbITaHbl ABa BUAA MnT, @ UMEHHO:
- ogHocnonHble NnnTbl (COIT), n3rotoBneHHble ToNbKo U3 CumnponuTa

- TpexcnovHble nnauTbl (CYI1), nsrotoeneHHble M3 AByx crnoes Cumnponuta U cpegHero
cnosi 3 neHonnacra

B o6oux cnyvyasx ucnbiTaHHble NAnTbl Obiny TonwmHon 30 MM, npudem TpexcrnonHas (CYM3)

nnuTa coctosina mn3 AByx cnoes Cumnponuta TonwmHon no10 mm, Mexay KoTopbIMU Haxoauncs
CInow neHonnacTta TonwuHon Takke 10 Mm.

Y TpexcrnoiHbix CUMMIPONUT NNUT PacCMOTPEHbl [ABa TUMWYHBLIX Crydas — KOraa Ha OaHHyH
MAUTY C BEpPXHel CTOPOHbl HAHECEH Crol pacTBopa TonwuHoW okono 10 MM, © korga nnuTa
npeaBapuTenbHO He Bbina owTyKkaTypeHa.

B uenax onpegeneHusi noBedeHUSI AaHHbIX MOHTAXHbIX NAUMT MpU  Harpy3ke, U3 HUX
npegBapuTenbHO ObiyM  Bblpe3aHbl ob6pasubl pasmepoB 170x170MM, a 3aTeM Ha BEPXHIOK
MOBEPXHOCTb 9TMX 00pasyoB Obln MNpUKNEeH napkeT TOMWMHON 23 MM npu nomoLLm
COOTBETCTBYIOLLErO Kriesl, HAHECEHHOrO CII0EM TOSLWMHOM OKOMo 2MM. Bce Tpu TuUNMYHbLIX crydas
obpasuos (COM3, CYMN3 co cnoem pacteopa 1 CYIM3 6e3 crosi pacTBopa) nokasaHbl Ha pUCyHke 1.



Puc.1

Cxembl 06pasuyoB Cumnponut ogHocnoHbix (COMM3)
n TpexcnonHblx (CYT13) MOHTaXHbIX HAMOMbHLIX MNT.
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3. METO[AObI N PE3YNBbTATbI NCIMbITAHUA:

McnbiTaHve Bbileyka3aHHbIX TUMOB 06pa3uyoB CUMAPONUT MOHTaXHbIX HAMosbHbIX NANT
NPOBEAEHO COrnacHoO Cxeme, MpuMBEOEHHOW Ha pucyHke 2. Kak 3TO BMOHO Ha pPUCYHKe Obino
NPOBEAEHO WUCMbITAHME Ha CXaTue, NpuUYeM 3a onpeaerneHHble YpoBHWM cunbl P, npu nomom
npornéomepa U1, U2, U3,U4 Gbinn namepeHsl gedopmMaumm — BepTUKanbHble Npornbbl TOYEK Ha
yrnax obpasua pasmepa 170 x170 mm. [pu atom, kpome usmepeHuss cunbl P (B gaH) wn
BepTUKanbHbIX npormb6os U (B MM) B xoA4e uChbiTaHWst  ObINIO paccynMtaHO M COOTBETCTBYHOLLEE
HanpsibkeHne (npodHocTb) o (B MI1a).

P

|
¥

OBPA3EI

Puc.2 Cxema ucnbiTaHus

PesynbTaTbl NpoBeOeHHbIX WCMbITAaHWUA B3ATble Kak cpeaHee apudmeTnyeckoe Anis
KaxablX TMNoB obpasuos, npueBedeHbl B Tabnuuax 1,2 n 3, a Takke W Kak COOTBETCTBYHOLUMNE
rpacpukn nokasaHbl Ha pucyHkax 3,4, 5. Kpome TOro, Ha puUcyHke 6 Ha TOM Xe rpaduke nokasaHbl
BCE Tpu 3aBUCMMoOCTN o — U.

®oT0, NponsBeaeHHbIE B XOA€E UCMbITaHNS, NokasaHbl B [1punoxeHuu.



TABIUUA 1. PE3YNBLTATbI UCMBITAHUA OOHOCNOWHBLIX (COMM3) NnnT

Harps:- LAHHBLIE HA MPOrVMBOMEPE BEPTUL
= werre PASHULA W3MEPEHWS] Eaom:
% o | OXaTUe MECTO W3MEPEHMWA (MM) r'\]"'f(')-lrl"ml/'s;
© P ] MM)

naH MOa | Ul | U2 | U3 | U4 | A | A As Aq U
0 0 2002 | 1918 | 2230 | 1946 - - - - -
100 0.035 2002 | 1917 | 2227 | 1945 | 0.00 | 0.01 0.03 0.01 0.01
200 0.069 2001 | 1914 | 2224 | 1943 | 0.01 | 0.04 0.06 0.03 0.04
300 0.104 | 1995 | 1909 | 2219 | 1940 | 0.07 | 0.09 | 0.11 | 0.06 | 0.08
400 0.138 | 1990 | 1905 | 2215 | 1937 | 0.12 | 0.13 | 0.15 | 0.09 | 0.12
500 0.173 | 1985 | 1901 | 2210 | 1933 | 0.17 | 0.17 | 020 | 0.13 | 0.7
600 0.208 | 1980 | 1897 | 2206 | 1930 | 022 | 021 | 024 | 0.16 | 0.21
700 0.242 | 1977 | 1894 | 2202 | 1928 | 0.25 | 0.24 | 0.28 | 0.18 | 024
800 0277 | 1973 | 1891 | 2199 | 1925 | 029 | 0.27 | 0.31 | 0.21 0.27
900 0.311 | 1970 | 1889 | 2195 | 1923 | 0.32 | 029 | 035 | 023 | 0.30
1000 | 0.346 | 1967 | 1886 | 2193 | 1921 | 0.35 | 0.32 | 0.37 | 025 | 0.32
—~| 1100 0.381 1963 | 1884 | 2189 | 1918 | 0.39 | 0.34 0.41 0.28 0.36
| 1200 | 0415 | 1960 | 1881 | 2187 | 1916 | 042 | 0.37 | 043 | 030 | 038
8 1300 | 0.450 | 1957 | 1879 | 2184 | 1914 | 0.45 | 0.39 | 0.46 | 0.32 0.41
—| 1400 | 0484 | 1953 | 1875 | 2182 | 1912 | 0.49 | 043 | 048 | 034 | 044
—| 1500 | 0.519 | 1950 | 1872 | 2178 | 1909 | 0.52 | 0.46 | 0.52 | 0.37 | 0.47
I | 1600 | 0554 | 1948 | 1870 | 2176 | 1907 | 0.54 | 0.48 | 0.54 | 0.39 | 0.49
1700 0.588 1945 | 1867 | 2174 | 1905 | 0.57 | 0.51 0.56 0.41 0.51
1800 | 00623 | 1942 | 1863 | 2171 | 1902 | 0.60 | 0.55 | 0.59 | 0.44 | 0.55
1900 | 0657 | 1939 | 1859 | 2167 | 1899 | 0.63 | 0.59 | 0.63 | 0.47 | 0.58
2000 0.692 1856 | 2164 | 1895 | 0.66 | 0.62 | 0.66 0.51 0.61 0.60
2100 | 0727 | 1852 | 2161 | 1892 | 0.70 | 0.66 | 0.69 | 0.54 | 0.65 | 0.3
2200 | 0.761 | 1847 | 2157 | 1888 | 0.73 | 0.71 | 0.73 | 0.58 | 0.69 | 0.68
2300 0.796 1843 | 2154 | 1885 | 0.77 | 0.75 | 0.76 0.61 0.72 0.71
2400 | 0.830 | 1839 | 2150 | 1881 | 0.80 | 0.79 | 0.80 | 0.65 | 0.76 | 0.75
2500 | 0.865 | 1834 | 2146 | 1877 | 0.83 | 0.84 | 0.84 | 0.69 | 0.80 | 0.79
3000 | 1.038 | 1792 | 2110 | 1844 | 1.29 | 126 | 1.20 | 1.02 | 1.19 1.17




A g(MPa)

1.038 —
1.003 —
0.969 —
0.934 —
0.900 —
0.865 —
0.796 —
0.761
0.727 —
0.692 —
0.657 —|
0.623
0.588
0.554
0.519
0.484
0.450 —
0.415
0.381
0.346
0.311
0.277
0.242
0.208
0.173
0.138
0.104 —|
0.069 —
0.035

0| 01020304 05060708 0910 1.11.2 U (mm)
(Mpvmeyanve: 0,035 MMa = 3.500 kr/m?)

Puc. 3 Tpacuk « HANPAXEHUE — BEPTUKAJIbHAA OE®OPMALIMA
(MpoyHoCTL — Npormnb)» ansa obpasua 1 — ogHocnonHon COM3 nnuTbl



OBPA3EL|

(CYN3)

2

TABNULA 2

Cuna

P
noaH
0
100
200
300
400
500
600
700
800
900
1000
1100
1200
1300
1400
1500

Hanps
XeHve
Ha
cxartue

@)
MIla

0.035
0.069
0.104
0.138
0.173
0.208
0.242
0.277
0.311
0.346
0.381
0.415
0.450
0.484
0.519

. PE3YNbTATHLI UCMNLITAHUSA TPEXCNOMHOW (CYT13) NNThI
CO CNNOEM PACTBOPA HA NMOBEPXHOCTHW

OAHHBIE HA MPOIMMBOMEPE

Ul
2057
1995
1872
1684
1575
1478
1406
1342
1295
1256
1219
1174
1146
1117
1095
1072

MECTO

U2
1929
1872
1734
1541
1425
1318
1237
1167
1116
1073
1030
985
949
918
893
869

0.519
0.484
0.450
0.415
0.381
0.346
0.311
0.277
0.242
0.208
0.173
0.138
0.104
0.069
0.035

PA3HMLUA W3MEPEHUA KEEE;EI'E
E®OPMALIN —

VISMEPERI (MM) § I'IPOFI/III;lbI

(MM)
U3 U4 Ay Ay As A4 U
1965 | 2306 - - - - -
1893 | 2228 | 0.62 | 0.57 0.72 0.78 0.67
1741 2085 | 1.85 | 1.95 2.24 2.21 2.06
1532 1892 | 3.73 | 3.88 4.33 4.14 4.02
1406 1779 | 482 | 5.04 5.59 5.27 5.18
1293 1676 | 5.79 | 6.11 6.72 6.30 6.23
1209 | 1600 | 6.51 6.92 7.56 7.06 7.01
1137 1533 | 715 | 7.62 8.28 7.73 7.70
1085 | 1486 @ 7.62 | 8.13 8.80 8.20 8.19
1041 1446 @ 8.01 8.56 9.24 8.60 8.60
999 1408 # 8.38 | 8.99 9.66 8.98 9.00
955 1365 | 8.83 | 9.44 10.10 | 9.41 9.45
917 1331 | 9.1 9.80 1048 | 9.75 9.79
885 1301 | 9.40 | 10.11 | 10.80 | 10.05 10.09
859 1276 | 9.62 | 10.36 | 11.06 @ 10.30 10.34
834 1262 # 9.85 | 10.60 | 11.31 | 10.44 10.55
L 0(MPa)

oy

1 2 3 4 5 6 7 8 9 10 11 U(mm)

Puc.4 M'padumk « HAMPAXXEHWE — BEPTUKANBHAA OE®OPMALNA
(mpoyHOCTbL — Npornb)» anga obpasua 2
— TpexcnonHon CYT13 nnuTbl CO Croem pacTBopa Ha NOBEPXHOCTH.



TABIMUA 3. PE3YNBTATLI UCTIBITAHWA TPEXCNOWMHOM (CYIM3) NnnThI
BE3 CNOA PACTBOPA HA MOBEPXHOCTU

JAHHBIE HA MPOrMBEOMEPE
Hanpsix BEPTU-
- eHune PA3HMLUA W3MEPEHUA KATNBbHBIE
o) Ha OEGOPMALINM
& c cxatuve MECTO MSMEPEHNS (MM) — MNPOTMBbI
i VNA (Mm)
P )
naH MIla Ul U2 U3 U4 Ay A> As Ay U
0 0 1966 | 1922 | 1929 | 2066 - - - - -
100 0.035 1861 | 1841 1803 1912 | 1.05 0.81 1.26 1.54 1.17
200 0.069 1646 | 1630 | 1563 | 1680 | 3.20 | 2.92 3.66 3.86 3.41
300 0.104 1526 | 1503 1423 1522 | 440 | 4.19 5.06 5.44 4.77
| 400 0.138 1429 | 1387 1297 1397 | 5.37 5.35 6.32 6.69 5.93
| 500 0.173 1356 | 1320 1225 1329 | 6.10 6.02 7.04 7.37 6.63
E’ 600 0.208 1307 | 1263 | 1164 | 1271 | 6.59 | 6.59 7.65 7.95 7.20
> 700 0.242 1264 | 1216 1114 1224 | 7.02 7.06 8.15 8.42 7.66
9 800 0.277 1232 | 1178 1074 1185 | 7.34 7.44 8.55 8.81 8.04
900 0.311 1201 | 1141 1036 1151 | 7.65 7.81 8.93 9.15 8.39
11000 0.346 1174 | 1111 1004 1121 | 7.92 8.1 9.25 9.45 8.68
' 1100 0.381 1145 | 1080 972 1089 | 8.21 8.42 9.57 9.77 8.99
1200 0.415 1119 | 1050 940 1060 | 8.47 | 8.72 9.89 | 10.06 9.29
1300 0.450 1101 | 1031 920 1042 | 8.65 8.91 10.09 | 10.24 9.47
1400 0.484 1080 | 1010 896 1022 | 8.86 | 9.12 | 10.33 | 10.44 9.69
1500 0.519 1052 | 980 865 992 | 9.14 | 942 | 10.64 | 10.74 9.99
(Mpumeyarve: 0,035 MMa = 3.500 kr/m?)
A o(MPa)
0.519 |
0.484
0.450
0.415
0.381 —|
0.346 |
0.311 —
0.277
0.242 |
0.208
0.173 |
0.138
0.104
0.069 |
0.035 |
of 1 2 3 4 5 6 7 8 9 10 11 U(mm)

Puc.5 paduk « HAMPAXEHWE — BepTukanbHas gegopmauus
(MpoyHoCTL — Npornb)» ansa obpasua 3 — TpexcnonHon CYI3 nanThl
6e3 crnos pacTBopa Ha NOBEPXHOCTMU.




A o (MIa)

0.519
0.484
0.450
0.415
0.381%

0.346
0.31%
0.277
0.242

0.208

0.173

Ob6pazer 2

0.138
0.104
Oo6paserr 3
0.069

0.035

Puc.6 CpaBHuTeNbHbIE NOKa3aTenu rpacmkos
« HAMNPAXXEHWE — BEPTUKAJIbHAA OE®OPMALIVUA
(MpoYHOCTL — Npormb)» aAnsg BCex Tpex TUMoB o6pas3LoB
MOHTaXHbIX HanosbHbIX CUMNPONUT NANT.

4. 3AKNIOYEHME

Mcxoga w3 Bblwe YKa3aHHbIX pe3ynbTaToB UCMbITaHUA, MOXHO [aTb OKOHYaTesnbHOe
3aKn4veHne, 41o UChbiTaHHble MOHTa)XHble HanoJibHble CI/IMI'IDOJ'IVIT nnnTbl  yOoOBNEeTBOPAKOT
Tpe6OBaHVIf0 HecyUJ,e|7| CMOCOBHOCTU, a TaKkke , YTO N3MEpPEHHbIE ,u,eq)opmau,mw nog OencTBueM
cunel P HaxogaTtca B YCTaHOBJ1€HHbIX AnA 3TON rpynnbl CTPOUTESIbHbIX 3J1EMEHTOB HOPpMaM.

Mpn atoMm, y ogHocnonHbix Cumnponut namt (COI) 3apernctpupoBaHbl ropasgo MeHbLume
OaHHble BepTMKanbHOM aedopmauumn no cpaBHeHUO ¢ TpexcronHbiMmn (CYT1) nnutamm Tom xe
TOMLWMHbI.

OT0 0b6bsicHseTca TeM akToM, 4Tto cpegHun crnon y Cumnponut CYIT nnuT coctout u3
neHonnacra, gedopmMaunn KOTOpOro Npu TOM Xe CaMol Harpy3ke B HECKOJTbKO pa3s bonblue, 4em
aedopmauma Cumnponura.



Takke cnegyeTr nogyYepkHyTb, 4To rpacdmkm U — o y obpasyoB TvMnoB 2 M 3 NPUMEPHO
OLMHAKOBbIE, YTO 3HAYUT , YTO CIION pacTBOpa TOMWMUHON 0KOMNo 10 MM, KOTOPbIV ObiN HaHEeCEeH
Ha NMOBEPXHOCTb 0bpasua 2 NpakTUYECKN He BNUSAN Ha pa3Mep BepTUKanbHOM gedopmauunu.

Ha ocHOBaHMM MNOMNyYEHHbIX Pe3ynbTaTOB MPOBEAEHHBLIX MCMbITAHUA MOXHO 3aKMuYUTb, YTO
BepTMKanbHble adedopmauumn ucnbiTaHHbix Cumnponut TpexcnovHblx (CYM3) naut npw
OBbIYHbIX YPOBHSIX Harpysku (0o 500kr/mM?) paBHbl nopsigka 1/10 yactv MM, a y Cumnponut
ogHocrnonHbix (COMM3) NnuT ewe MeHbLUe.

YuyntbiBas BbIWEU3NOXKEHHOE MOXHO AaTb 3akmni4veHue, YTo CMMNPONUT OQHOCNOWHLIE
M CuMnNponuT TpexcnoWHble NAUTbl COOTBETCTBYIT YCTAaHOBNEHHbIM HOpMaMm
NPMMEHEeHU B Ka4yeCTBe MOHTAXHbIX HaNoMbHbLIX NMUT, MNpuyeM cneayeTt
npuaepXuBaTbCA peKoMeHAauun npousBoauTens.

Cnepyet nogvepkHyTb, YTO NPegMETHOE 3aKM4eHWe MNONyvYeHO Kak 4acTb WUCNbITaHWUs B
pamMmkax Hay4yHO-uUccregoBaTenbCckoro npoekta «MccnegoBaHUa OCBOEHMS U MPUMEHEHUSA
COBPEMEHHbIX MaTepuanoB U u3genui B ctpoutenbctBe» 3a 2003 r., KOTOPOE OTHOCUTCS Ha
ocBavBaHWe 1 npumMmeHeHne CumnponmTa B Ka4eCTBE COBPEMEHHbIX MaTepuarioB B CTPOUTENBCTBE.

3aknyeHne cocTaBuUnu:

1. Mpod. ap. Muxanno Mypaenes, OUNI.MHX.CTPOUTENDb
(oTBETCTBEHHOE NULIO NPU UCMBITAHNUW)
2. Mpod. ap. Oparvua NesTuy, AUNn.uHX. TexHonor

3. AccucTteHT Mp. QumuTtpure 3aknd, OUNN.MHX. CTpoUTerb



NPUNOXEHWE



®OTO NPOU3BEOEHHbBIE B XOOE UCTIbITAHUA 3
NOBEAEHMA MOHTAXHbIX HAMONbHBLIX CUMMPONAT NAUT MNMoAd HAMPY3KOU

Benrpap, 2003 r.




