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BENMPAOCKOIO YHMBEPCUTETA

HMK UMK UHCTUTYyT
mMaTepuarnos
N KOHCTPYKL MM

BynbBap kpans AnekcaHgpa A4.73
TenedoH: (011) 32-70-152 Ten/dakc (011) 33-70-083

(011) 32-18-505 Tenedakc(011) 33-70-223
Tenedakc:(011) 33-70-253 BaHk. cyet: 40803-603-0-4004314

Mo ctatbe 15 1 18 3akoHa o cTponTenbcTBe 06bEKTOB (CnyxebHbIV rnacHnk Pecnybnvku
Cepbun, Ne 44/95) BbigaeTcs

YOOCTOBEPEHUE
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OTYET

NCMNbITAHNA CUMITPONUT CUCTEMBbI ANTA TEMNOU3ONALNN N YOANEHNA
MAPA C INMNOCKMX KPbILU

1. OBWME OAHHbIE:

1.1, Sakasauk: CUMIIPO - MNpeanpusatne no MHXUHUPUHIY, KOHCANTUHTY U

obopoty 0O, r. benrpag, Boeeoge Ctene g.251
1.2 VicnonHuTens ucneitanms: CtpouTenbHbIn hbakynbTeT yHuBepcuTeTa B benrpage -
MHcTntyT MatepumanoB u koHcTpykumi (MMK), Bynbeap
Kpana Anekcangpa 73, 11000 benrpag
1.3.  OBnekT ucnbiTaHus: NcnbiTanne noseaenus CUMIMPOJIUT CUCTEMBbI gnsa
TEeNnoun3onsauMmn 1 yganeHus napa c niocknx KpbiL npu
Harpyske
1.4. Bupvspenws: CWCTEMA nonyyeHa kombuHaumen asyx 6nokos ClNBC-60
(pasmepom 60x12x19 cm) ¢ OTBEPCTUSMMU, 3AMNOSTHEHHBIMMU
BKragbllamu n3 neHonnacrta u CMMNponuT ogHOCNONHOM
nnuton ansa yrennenuns COlM3 (TonwwuHon 3 cm) u3
CvmnponuTa — 3anaTeHTOBaHHOIO Jfierko-arperaTHoro
KOMMO3uTa, N3roTOBEHHOIO Ha OCHOBAHWUM LleMeHTa, BOAbI,
wapukoB neHonnacta (AMNC) n cooTBeTCTBYIOLWNX A06aBOK
1.5. Astop CUCTEMBI DTech MunaH JeBu4 — reHeparnbHbIn QUPeKTop pupmMbl
«CUMIPO» yn. B.Ctene 251/49 Benrpaa
MpeangeHT dpupm «JIACUC HT», « CUMIMNPOTEPM» 1
«CUMMPOCTPOW» B Poccuu

[laHHoe wucnbiTaHMe npoBefeHO B pamkax goroBopa Ne92120/3 ot 14.11.2002 r.,
3aknoyYeHHoro Mexagy dupmon «Cumnpoy» u CcTpouTenbHbIM (hakynbTEeTOM yHMBeEpcuUTeTa T.
Benrpaga c¢ uenbio peanusaumMum npoekta «MccrnegoBaHMsi OCBOEHUS U MPUMEHEHUs!
COBPEMEHHbIX MaTepuanoB W U34enuni B CTPOUTENLCTBEY», MPOPUHAHCMPOBAHHOMO
MwuHMCTEPCTBOM Hayku TeXHONOrnn u passutus Pecnybnmkmn Cepbus.

2. NMPOBEAEHHLIE NCIBbITAHUA:

lMpoBeaeHHbIMY UCTBITAHMSMM OXBA4YE€HO NOBEAEHNE NPU HArpy3Ke, Kak OTAEMNbHbIX
anemeHToB Cuctemel, Tak u yernon CUMIMPONUT CUCTEMbI gng Tennousonaunn n yganeHns
napa ¢ nNiIoCKMX Kpbiw. Bbifo ncnbiTaHo YeTbipe xapakTepHbIX TMNOB 00pa3LoB, B TOM YUCTIE:

- ucnbiTaHne 6roka CIMNBC-60 (pasmepom 60x12x19 cm) 6e3 BCTaBOK 13 NeHonnacTa,

- ucnbitaHue 6noka Clb-60 (pasmepom 60x12x19 cm) ¢ Bknagbilwamn M3 neHomnnacTta,
YCTaHOBIIEHHbIMW B OTBEPCTUSA CpeaHen YyacTu 6roka;

- ucnbitaHne CUMIMPOIUT ogHocnonHow nnutel Ansa ytennexdus (COIM3) TonwwmHon 3 cm;

- wucnbitaHne CUCTEMBbI, koTopasi cCOCTOUT U3 TPEX FOPU3OHTAasbHbLIX CITOEB, YTO
coctaBnsaoT aea 6noka CIMNBEC-60 ¢ ycTaHOBNEHHbIMW BKNaabllaMn U3 neHonnacra n ogHa
nnuta COTl3, kak 310 ykasaHo Ha puc. 2

Ha puc. 1 nokaszaH Cumnponut 6nok CIMNBC-60 (koTopbii B cpegHen YacTn umeeT Asa 0ombLinx
BepTUKanbHbIX 0TBEPCTUS) 1 CUMNpoNUT ogHocnonHag nnuta ansa yrennexdus COI 3.



Puc. 1
Cumnponut 6nok ClNBC-60 (a) n Cumnponut ogHocnonHast nnuta ansa yrennenus COlM3 (B)

Bknagbiwm, koTopble O6binM NCNONb30BaHbl ANA 3anofIHEHWS ABYX CPeAHMX O60MbLUMX
OTBEPCTUIA, BbINM Cpe3aHbl M3 NeHonnacTa NMoTHOCTLI0 30Kr/M™

Ha pucyHke 2 MmoxHo yBuaetb, Yto CUCTEMA cdhopmrpoBaHa Taknm 00pa3oM, YTO Y HUKHETO
psga 6nokoB BKNagbllWM M3 MeHomnnacTa 3anofiHAT TONMbKO MNOMOBUHY obbema cpegHux
OonbLnx OTBEPCTUIA, 4TO obecneunBaeT yganeHme napa ns CUCTEMbI.

C Opyroi CTOpOHbI Yy BepxHero psiia 6110KoB BKNagbly U3 NeHomnnacTa NofHOCTLIO 3arofHST
OTBEPCTUS.

Pwuc. 2.
CUMMPOIMNUT CUCTEMA ansa Tennonsonsauumn 1 yaaneHus napa ¢ niiocKMx KpbiL.



3. CI1OCOB U PE3YIIbTATbI NCIMbITAHUA:

McnbiTaHne Bbile W3NOXEHHbIX XapaKTepHbIX TUNoB obpa3uoB — anemeHToB Cumnponut
Cuctembl 3a Tennou3onAumMilo M OTBOA4 Napa C MNIIOCKMX Kpbi NPOM3BEeOeHO COrmnacHo
Oncnosnumm, ykasaHHom Ha pucyHke 3. Kak BMAHO, NpoBEeAEHO UCTbITaHNE Ha CxXaTue, npudem
3a onpeferneHHble YpoBHWU cunbl P, ¢ nomowbto npornbomepos U-1, U-2, U-3, U-4 Gbinn
namepeHbl gedopmauun — BepTUKarnbHble MNporMbbl yrnoBbIX Todek obpasuos. [Mpyu aTtom
kpome cunbl P (B daN) wn BepTukanbHbix nporn6os U (B MM) Obinv BblMUCIIEHBI U

COOTBETCTBYIOLWME AaHHblEe NpoyHoCcTN T (B MIa).

Puc. 3.
JOuncnosnuma ncnoeitauna CUCTEMBbI

PeaynbTaTbl NpoOBEAEHHbIX UCMbITAHWIA, B KAYECTBE CpeaHero apudmMeTUYecKoro oTaerbHbIX
TMnoB o6pasLoB, NpuBedeHsbl B Tabnuuax 1, 2, 3, 4.

OcrTanbHble poTorpacmm, Npom3BeaeHHbIE B X04e UCMbITaHWs, NpuBeaeHbl B MpunoxeHuu.



Tabnuua 1.

PeaynbTaThl ncnoitaHmns 6noka CrbC-60 (paamepom 60x12x19 cm)

6e3 Bknagblllen u3 neHonnacra.

g . Hs;;:;(x;?;ge [aHHble Ha npornbomepe PaSHVILI.a( ;;n)nepel-lml B:;%%?ﬁa;{,?f
§ P (¢ MecTo namepeHus (Mm)
daN MlIla Ul (02 (U3 |U4 | A AV} A3 A4 U
0 0 0058 | 0029 | 0180 | 0163 - - - - -
50 0.004 0050 | 0018 | 0173 | 0154 | 0.08 | O0.11 | 0.07 [ 0.09 0.09
100 0.009 0038 | 2498 | 0163 | 0142 | 0.20 | 0.31 | 0.17 | 0.21 0.22
150 0.013 0022 | 2477 | 0151 | 0130 | 036 [ 0.52 | 0.29 | 0.33 0.38
200 0.018 0020 | 2474 | 0149 | 0114 | 0.38 | 0.55 | 0.31 0.49 0.43
' 250 0.022 0012 | 2464 | 0140 [ 0097 | 0.46 | 0.65 | 0.40 [ 0.66 0.54
S 300 0.026 0001 | 2452 | 0128 | 0087 | 0.57 | 0.77 | 0.52 [ 0.76 0.66
g 350 0.031 1991 | 2442 | 0117 | 0077 | 0.67 | 0.87 | 0.63 | 0.86 0.76
E 400 0.035 1981 | 2431 | 0107 | 0068 | 0.77 | 098 | 0.73 | 0.95 0.86
2 450 0.039 1966 | 2416 | 0094 | 0054 | 092 | 1.13 | 0.86 | 1.09 1.00
GEJ 500 0.044 1954 | 2401 | 0085 | 0045 | 1.04 | 1.28 | 0.95 1.18 1.11
600 0.053 1919 | 2360 | 0061 | 0023 | 1.39 | 1.69 | 1.19 | 1.40 1.42
2 700 0.061 1839 | 2276 | 0007 | 1976 | 2.19 | 2.53 1.73 1.87 2.08
= 800 0.070 1748 | 2179 | 2452 | 1927 | 3.10 | 3.50 | 2.28 | 2.36 2.81
GEJ 900 0.079 1501 | 1905 | 2279 | 1773 | 5.57 | 6.24 | 4.01 | 3.90 4.93
3 1000 0.088 1191 | 1475 | 1847 | 1354 | 8.67 | 10.54 | 8.33 | 8.09 8.91
5 1100 0.096 0839 | 1082 | 1539 | 1047 | 12.19 | 1447 | 11.41 | 11.16 12.31
5 1200 0.105 0415 |1 0778 | 1161 | 0771 | 16.43 | 17.51 | 15.19 | 13.92 15.76
“ 1300 0.114 0005 | 0318 | 0705 | 0220 | 20.53 | 22.11 | 19.75 | 19.43 20.46
o | 1400 0.123
L1 1500 0.132 J0M J0M
1600 0.140
1700 0.149
1800 0.158
1900 0.167
2000 0.175
3000 0.263

(Mpumeuarue: 0,035 MrMa = 3500 kr/m?)




Tabnuua 2. PesynbTaTthl ucnbitaHus 6noka CMBC-60 (pasamepom 60x12x19 cm)

C BKnagbillamMmn M3 neHomnmnacta, yCTaHOBJIEHHbLIX B oonblne oTBEepCTUA

B cpefHen YyacTtu 6roka

(MpakTu4eckn He NPoOM3OLLIIO floma obpasua)

HanpsikeHune [aHHble Ha BepTtukansHbie
3 Ha cxaTtue npornéomepe PasHuua nsmepeHus nedopmaumn —
§ Cuna o MecTo nsmepeHust (w) nporvoL!
8 P (Mm)
daN MlIIa Ul U2 U3 U4 Ay Ay A3 Ay U
0 0 0435 | 2483 0121 0131 - - - - -
50 0.004 0432 | 2476 0115 0125 | 0.03 0.07 0.06 0.06 0.06
100 0.009 0430 [ 2464 [ 0109 | 0116 | 0.05 0.19 0.12 0.15 0.13
150 0.013 0428 [ 2459 [ 0104 | 0106 [ 0.07 | 0.24 0.17 0.25 0.18
200 0.018 0421 | 2447 | 0090 | 0088 | 0.14 | 0.36 0.31 0.43 0.31
' 250 0.022 0412 | 2438 0079 0074 | 0.23 0.45 0.42 0.57 0.42
(,_U 300 0.026 0408 | 2431 0070 0062 | 0.27 0.52 0.51 0.69 0.50
g 350 0.031 0397 [ 2420 [ 0059 [ 0048 | 0.38 | 0.63 0.62 0.83 0.62
E 400 0.035 0387 | 2411 0050 | 0035 | 0.48 | 0.72 0.71 0.96 0.72
g 450 0.039 0377 | 2401 0041 0023 | 0.58 0.82 0.80 1.08 0.82
o | 500 0.044 0347 | 2370 [ 0022 | 0001 | 0.65 1.13 0.99 1.30 1.02
= 600 0.053 0321 | 2343 1997 1977 | 1.14 1.40 1.24 1.54 1.33
2 700 0.061 0290 | 2315 1968 1945 | 1.45 1.68 1.53 1.86 1.63
= 800 0.070 0271 | 2297 1950 1922 1.64 1.86 1.71 2.09 1.82
(EU 900 0.079 0242 | 2276 1912 1882 | 1.93 2.07 2.09 2.49 2.14
g 1000 0.088 0208 | 2246 1867 1827 | 2.27 | 237 2.54 3.04 2.56
2 1100 0.096 0173 | 2214 1825 1775 | 2.62 | 2.69 2.96 3.56 2.96
S, 1200 0.105 0145 | 2193 1800 1745 | 2.90 2.90 3.21 3.86 3.22
; 1300 0.114 0111 [ 2160 1773 1710 | 3.24 | 3.23 3.48 421 3.54
o | 1400 0.123 0067 | 2122 1744 1674 | 3.68 | 3.61 3.77 4.57 3.91
v | 1500 0.132 0028 | 2093 1715 1640 | 4.07 | 3.90 4.06 491 4.24
1600 0.140 2471 | 2050 1677 1590 | 4.64 4.33 4.44 541 4.70
1700 0.149 2438 | 2024 1657 1564 | 497 | 4.59 4.64 5.67 4.97
1800 0.158 2384 | 1979 1624 1520 | 5.51 5.04 497 6.11 5.41
1900 0.167 2343 | 1942 1600 1490 | 592 | 5.41 5.21 6.41 5.74
2000 0.175 2289 | 1897 1560 1445 | 6.46 5.86 5.61 5.71 5.91

(Mpumeuarue: 0,035 MrMa = 3500 kr/m?)




Tabnuua 3.PesynbTathl ucnbiTaHna CUMIPOnUT OgHOCIONHOM NnuTbl Anga ytennexus (COMM3)

g|  [oemene | Paweie sampomOomere | poguua wavepernn | Acgopwaim
§ Cuna o MecTo nsmepeHust (tana) nporvGs!
8 P (Mm)
daN MlIla Ul U2 U3 U4 Ay A, As A4 U
0 0 0199 | 0042 0167 0136 - - - - -
50 0.004 0160 | 0014 0152 0116 0.39 0.28 0.15 0.20 0.26
100 0.009 0153 | 0009 0149 0112 0.46 0.33 0.18 0.24 0.30
150 0.013 0141 1997 0142 0104 0.58 0.45 0.25 0.32 0.40
200 0.018 0134 1991 0138 0098 0.65 0.51 0.29 0.38 0.46
250 0.022 0128 1984 0131 0091 0.71 0.58 0.36 0.45 0.52
300 0.026 0121 1978 0124 0083 0.78 0.64 0.43 0.53 0.60
350 0.031 0117 1974 0120 0078 0.82 0.68 0.47 0.58 0.64
| 400 0.035 0112 1970 0114 0072 0.87 0.72 0.53 0.64 0.69
o 450 0.039 0106 1964 0108 0064 0.93 0.78 0.59 0.72 0.76
= 500 0.044 0101 1960 0102 0058 0.98 0.82 0.65 0.78 0.81
Q| 600 0.053 0094 1952 0096 0049 1.05 0.90 0.71 0.87 0.88
© 700 0.061 0084 1944 0089 0040 1.15 0.98 0.78 0.96 0.97
o 800 0.070 0077 1938 0082 0032 1.22 1.04 0.85 1.04 1.04
=1 900 0.079 0071 1932 0077 0025 1.28 1.10 0.90 1.11 1.10
E 1000 0.088 0064 1925 0071 0018 1.35 1.17 0.96 1.18 1.16
= 1100 0.096 0057 1918 0066 0011 1.42 1.24 1.01 1.25 1.23
I 1200 0.105 0052 1913 0061 0004 1.47 1.29 1.06 1.32 1.28
1300 0.114 0048 1909 0057 1999 1.51 1.33 1.10 1.37 1.33
1400 0.123 0043 1904 0053 1993 1.56 1.38 1.14 1.43 1.38
1500 0.132 0039 1898 0048 1988 1.60 1.44 1.19 1.48 1.43
1600 0.140 0034 1893 0045 1984 1.65 1.49 1.22 1.52 1.47
1700 0.149 0029 1889 0041 1980 1.70 1.53 1.26 1.56 1.51
1800 0.158 0025 1885 0038 1976 1.74 1.57 1.29 1.60 1.55
1900 0.167 0022 1882 0035 1972 1.77 1.60 1.32 1.64 1.58
2000 0.175 0018 1879 0032 1968 1.81 1.63 1.35 1.68 1.62

(Mpumeuarue: 0,035 MrMa = 3500 kr/m?)




Tabnuua 4. Pe3ynbtathl ucnbitaHmsa Cumnponut Cuctembl 4ns TeNon3onaumm 1 yganeHms
napa Ans NIoCcKux KpbiLl, kKoTopasi coctouT u3 asyx 6nokos CIMNBC-60 ¢ Bknagbiwamun ns

neHonnacTta v ogHon nnutel COM3.

Hanpsokenne BepTtukarnbHble
z Ha cKaTme RatHbie Ha npornbomepe PasHuua nsmepeHus nedopmauum
® | Cvna G (Mm) — nporuGsl
§ P MecTo nsmepeHus (MMm)
daN MPa Ul U2 U3 U4 A 1 Az A 3 A4 U
0 0 0274 | 0080 0610 2251 - - - - -
50 0.004 0220 | 0022 0572 2216 | 0.54 0.58 0.38 0.35 0.46
100 0.009 0206 | 0008 0557 2198 | 0.68 0.72 0.53 0.53 0.62
E 150 0.013 0178 | 1976 0532 2174 | 0.96 1.04 0.78 0.77 0.89
8 200 0.018 0136 | 1946 0497 2139 | 1.38 1.34 1.13 1.12 1.24
@ [ 250 0.022 0074 | 1885 0453 2093 | 2.00 1.95 1.57 1.58 1.78
E 300 0.026 0042 | 1854 0426 2068 | 2.32 2.26 1.84 1.83 2.06
'("U 350 0.031 1994 | 1808 0388 2030 | 2.80 2.72 222 2.21 2.49
g 400 0.035 1939 | 1757 0354 1991 | 3.35 3.23 2.56 2.60 2.94
2| 450 0.039 1840 | 1661 0274 1912 | 4.34 4.19 3.36 3.39 3.82
o
5| 500 0.044 1754 | 1582 0209 1845 | 5.20 4.98 4.01 4.06 4.56
c
o 600 0.053 1561 | 1393 0044 1675 | 7.13 6.87 5.66 5.76 6.36
§ 700 0.061 1312 | 1155 1828 1453 | 9.62 9.25 7.82 7.98 8.67
g 800 0.070 1115 | 0965 1648 1271 | 11.59 | 11.15 9.62 9.80 10.54
| 900 0.079 0660 | 0508 1216 0845 | 16.14 | 15.72 | 13.94 | 14.06 14.97
®©
S| 1000 0.088 0002 | 1854 0680 0213 | 22.72 | 2226 | 19.30 | 20.38 21.16
m
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(Mpumeyanve: 0,035 MIMa = 3500 kr/m?)




Ha pucyHke 4 B pamkax guarpammbl rpacmyeckn nsobpaxeHnl Bce 4 3aBucumoctn X — U
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Puc. 4 Inarpammbl NPOYHOCTb — BepTUKanbHas gedopmauunsa gns Bcex 4 Tmnos obpasuos —
anemeHToB CUMIMPOJINT Cuctemsl 3a TENON3ONSALNIO U yaaneHue napa ¢ niockuX KpbiLu.

(Mpumeuarue: 0,035 MrMa = 3500 kr/m?)

O603HaveHus:
Bnok CINBC-60 6e3 Bknaablllen U3 neHonnacTta

Bnok CIMNBC-60 ¢ BknagbilamMun 13 neHonnacra
Cumnponut ogHocronHasa nnuta gnga yrenneHua — COMM3
CvMnponuT cucTeMbl 4Ns TENSIOM30NALUN 1 yaaneHune napa.

»ON =



4. 3AKIKOYEHUE

Ha ocHoBaHMM pe3ynbTaToB, MOSYYEHHbIX B XO4€ BbllleyKasaHHbIX WCMbITaHWN, MOXHO
3aKnounTb, YTO UcnbiTeiBaemass CUMMPOJIUT CUCTEMA ana Tennonsonsauum 1 yaaneHus napa
C TMNMOCKMX Kpbil ygoBneTsopsieT TpeboBaHWsAM Hecywen cnocobHOCTH, a Takke, 4TO
YCTaHOBIEHHbIE AedopMaLMmn Npu OeNCTBUM cunbl P, koTopas COOTBETCTBYET 3KCMyaTauNOHHbIM
Harpyskam, HaxOA4MTCS B AOMYCTUMbIX OS5 AaHHbIX TUMOB CTPOUTESbHBLIX 31EMEHTOB pamkax. Mpu
3TOM Obina BuOHA XOpoLwlas Koppensauus Mexay pesynbTatamu MNOMyYeHHbIX WCNbITaHUN
otaenbHbix anemeHtoB CUICTEMbI un pesynbtatoB ucnbitaHui CUMIPOJINT CUCTEMbI B
Lenom.

Ha ocHOBaHWM nNpuBeAeHHbIX pe3yribTaToB, MOMYyYEHHbIX B XO04€ UCMbITaHUA MOXHO Takke
3aKno4unTb, YTO BepTukanbHble aedopmaumm CUMITPOJIUT CUCTEMbI ansa tennousonauum um
yoaneHus napa C MAOCKMX Kpbill AN CTaHAApTHbIX Harpysok (oo 500 kr/m?) B nopsgke
HECKOJSbKMX OECSATKOB YacTen MM.

Ha ocHoBaHMM Bbllle UW3NoXeHHoro cneayet, 4to CUMIMPONUAT CUCTEMA pansa
TEennou3onsuuM M yaaneHuss napa C NNOCKUX Kpbll YAOBNeTBOpPsieT YCTAaHOBNEHHbIM
TpeboBaHUAM ANA NPUMEHEHUA Ha NIOCKMX KpbIwax, NpMyYeM B KaXXAOM KOHKPETHOM cryvae
crneayeT NpUAepX1MBaTbCA pekoMeHaauuin NponM3BoANTENS.

3aknoyeHne cocTaBuUnu:

1. Mpod. ap. Muxamno Mypasnes. auns. UHX. CTPOUTENb
(OTBETCTBEHHOE NULO NPU UCTLITAHUK)
2. Mpod. ap. Aparvua MesTuy, annn. nHx. TexHonor

3. AccucteHT Mp. Oumutpue 3akud, AUNI. UHX. CTPOUTENb
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®OTOMPA®UN, MPON3BEAEHHDBIE B XOAE UCTMNbITAHUA CUMINPONNT CUCTEMbI
AnAa TENnon3onAaunun U YOANEHUA NAPA C MITOCKUX KPbILL.

Benrpag, nioHs 2004




