Jexkuun 4

TEMA 2. IPOTUBOB3PBIBHASI 3AIIIUTA 3JIAHUM 1 COOPYKEHUH

2.1. Ha3HayeHue M yCTPOMCTBO JIerKOCOpachiBaeMbIX KOHCTPYKIHUI

Axmyanvnocms memul

Hepenko B pe3ynbTaTte aBapuil, HapyleHUs! peKUMa IKCIUTyaTallui TEXHOJIOTUYECKOTO
000pyI0BaHUsI, HECOOTIOACHHS TPEOOBAHMI MOKAPHON OE30MTACHOCTH MPH MPOU3BOJICTBE PadOT U
JOPYTUM MPUYUHAM [IPOUCXOSAT B3PBIBBI, COIIPOBOKIAIOLINECS pa3pyLLIEHUEM CTPOUTEIbHBIX
KOHCTPYKIIUH, TEXHOJOTHYECKOTO 000pyI0BaHUs, 3aHUM, THOEIBIO JIto1ei. B3phIBI yBETHUMBAIOT
BpeMsl TYIIEHHS T0XKapoB, yiiepo oT HuX. CTaTuCTHYECKUE JaHHbIE TIOKAa3bIBAIOT, UTO C POCTOM
YKCJla ¥ MOLUTHOCTH B3PhIBOOIIACHBIX MPOU3BO/ICTB, MHTEHCU(PUKALIUEH TPOU3BOICTBEHHbIX
IIPOLIECCOB, TEMIIOB Pa3BUTHS TEXHOJOTUH U T.II. BO3PACTAET KOJIMYECTBO B3PHIBOB B
MIPOMBIIIJIEHHOCTU ¥ BEJIMYMHA IPUYMHIEMOTro yiiep0a. 3ajaun npeloTBpallleHus B3pbIBOB
pelaTcs Ha PYTrux JUCUUIUIMHAX (CIIELXUMHUS, TEOPUs TOPEHHS, (PU3UKO-XMMUUYECKHE OCHOBBI
Pa3BUTHUS U TYIICHUS 110KapOB, MOXKapHas 0€30MacHOCTh TEXHOJIOTui) (pewenue 1 3agaun
MOKapHOM MpodunakTuku). 3aada HaIIEro Kypca HayduTbcs 000CHOBBIBATH U pa3padaThiBaTh
TEXHUYECKUE PELIEHUSs], CIOCOOHBIE CYILIECTBEHHO YMEHBIINUTb, & IPU BO3MOKHOCTH YCTPAHUTH,
MIOCJIEJICTBUS B3PBIBOB, T.€. TAKHE TEXHUYECKUE PEUICHUS, KOTOPbIE 00ECIeUnBaIOT CHUKEHHE
OTIACHBIX TTAPaMETPOB B3phIBA A0 OE30MACHBIX IS 3JaHUHN U JIFOACH 3HaYE€HUH, TIPOBOJUTH
M0’KaPHO-TEXHUYECKYIO SKCIIEPTU3Y NPOTUBOB3PHIBHOM 3alIUTHI 3aHui (pewenue 2, 3, 4 3a1au
M0’KapHOU MPOPUITAKTUKH).

2.1.1. O0mme cBegeHNs 0 B3pbIBe

B3pbiBoM Ha3zbiBaeTcs mpoiecc ObICTPOTO (32 COThIE JOJIU CEKYH/IbI) (PU3HUECKOTO WU
XMUMHYECKOTO MPEBPALCHHS BEIIECTB WM UX CMECEH C BbIJEJIEHUEM OO0JIBIIOTO KOJIUYECTBA
SHEpPruu.

TakuMm 00pa3zom, OTIIMYUSAMU OT JAPYTUX BUJIOB IPEBPALICHUI BEILIECTB SBISIOTCS:

- BpeMsI [IpeBPALCHHUS;

- BHEPTrHUs MPeBpaLLECHUS.

B ocHOBe 0/HUMX B3pBIBOB JICKUT ABJIEHUE JETOHALUU, IPOUCXOAsIIEe IPpU PU3HUECKOM
Pa3IoKEHUH BEIIECTB (B3PHIB TPOTUJIIA, SIACPHBINA B3PHIB U T.11.) (IETOHAIIMOHHBIC B3PBIBHI)

B ocHOBe ipyrux B3pbIBOB JIEKUT OBICTPO MPOTEKAIOLIAs PEAKIMsI TOPEHUs ra30-1apo-
MIBUIEBO3IYIITHBIX CMECEH, 3aHUMAIOIIMX YaCTh WIN BECh 00BEM ITOMEIIECHHUS, B3PbIBHOE TOPEHUE
TOPIOYHX CMECEH.

B texHuueckoil nureparype Takue B3phIBBI €I11€ Ha3bIBAIOTCS d8APULIHbIMU, T.K. OHU
BO3ZHUKAIOT BCJIEJICTBUE aBApPUUHBIX PEKUMOB pabOTa TEXHOJIOTMUYECKOTO 000py10BaHuS,
AJIEKTPOYCTAHOBOK M T.II.

B pemenuu 3anaun [1B3 31anmii Hac, kak paOOTHUKOB TIOKAPHOM OXPaHbl, HHTEPECYIOT
B3pPbIBbI aBapUIHbBIE, T.K. IPUPOJIa UX BOSHUKHOBEHHS U PAa3BUTHS OMKUCHIBAETCS TEOPUEHN rOpeHusl.
HIMeHHO 0 TakuX B3pbIBax MbI Oy/ieM FOBOPUTH B 3TOM Teme. [l Hauaaa pacCMOTPUM Pl
MIPUMEPOB:

25 ¢eBpans 1988 r. B r. Ilepmu mpounzoniesn B3pbIB raza B 5 3TaxXHOM. 90-KB. )KUIIOM JIOME.

VY napHoii BOJIHOM pa3pylieHo 17 HapyKHBIX TaHeeH, 0OpyIIIach JIESCTHUYHAS KJIETKA,
pa3pylLIeHbl MEXAITAKHBIEC IEPEKPHITUS U MEPETOPOJIKU MEXy KBapTUPaMHU.

1986 rox. I1.0. "Kuposckwuii 3aBox", nex 170.

B pe3ynbraTe HapylieHus: TEXHOJIOTMYECKOT0 IIpolecca MPH 3aKaJIKe KpYIMHOrabapuTHBIX
nertaied B 3akanouHoit BanHe [IIHI" npownsomén B3psIB napoBo3aymiHOM cMecH. B pesynbprare
B3pPbIBa PAa3pPYILIEHO JICHTOUHOE OCTEKJIEHUE 10 nepumerpy uexa (1 > 150 m), nedopmupoBanbl
MeTaJNIn4eCKhe KOHCTPYKIIMU TEXHOJIOTH4ecKoro 060pyaoBanus. CTpOUTEIbHBIM KOHCTPYKIUSAM
MOBPEXKJCHNE HE HAaHECEHO OJiaroaps OOJIBIION IUIOIIAIU OCTEKICHUS.




2.1.2. IlapameTpsl B3pbIBa

PaccmoTpuM, KakuMHM ke apaMeTpaMy XapakTepU3yeTcs B3pbIBHOE TOPEHNE CMecei

(aBapuiiHBII B3pHIB).

JU1st IpOCTOTHI BOCIIPUATHS MaTepraja pacCMOTPUM CXEMY Ha pucyHke 2.1.

B3PhLIB
I[TAPAMETPHI B3PbIBA
N30bITOYHBII Temneparypa Cropocts Pacuernoe N30bITOUHOE
UCTEUYEHUS
o0beM TOpEeHUs 308 Bpems JlaBJICHUE

Puc. 2.1. XapakrepucTuku napameTpoB B3pbIBHOTO TOPEHUS

OCHOBHBIM W3 BBIIICTIEPEYNCICHHBIX MAapaMETPOB SIBISETCS H30BITOUYHOE JaBJICHUE,
[I03TOMY PACCMOTPUM €ro 0ojee MmoApoOHO, a MO OCTalIbHBIM TOJHKO KOHEYHBbIE ypaBHEHUS 0e3
BbIBOJIAa MX (BBIBOJI YpaBHEHHUM IapamMeTpoB B3pbiBa JaH Ha crpaHuuax 371-380 yuyeOHuka nms
BVY3oB non penaknueit Kynanenkuna B.®. "[loxxapHas npodunakTika B CTpOUTEILCTBE").

2.1.2.1. 30bITOYHOE 1aBJI€HKE B3pbIBA

OCHOBHBIM NPU3HAKOM B3pPbIBA SIBJISETCSI MTHOBEHHOE M3MEHEHHE JABJICHUS, 3aBUCALIETO
OT TeMIIepaTypbl U 00bEMa MPOJYKTOB FOPEHUSI.

Jlis 3aMKHYTOro 0O0BbEMa, MOJHOCTBIO 3all0OJHEHHOIO B3pPBIBOONACHOW CMECBIO M IIPHU
[IOJIHOM CTOpPaHUU €€, IPU CTEXMOMETPUUECKON KOHLIEHTPAIIMK OIIPEEIISIETCS 10 YPAaBHEHUIO:

AP, =P —P
0
rae: P, — naBlieHHWE B3PbIBA;

Po - HA4YaJIbHOC 3HAYCHHEC JaBJICHHUA B IIOMCIICHUH.
A IIpHU YaCTUIHOM 3ara30BaHUU 110 YPAaBHCHUIO:

AP, =P, - P W

8 0 W

nom
rae: Wy, - 00BEM B3pBIBOOMACHOM CMECH, IPU CTEXUOMETPUUYECKOM KOHIIEHTPALINH;
Wion - 06BEM IOMELIEHHS, M,

AOCoI0THOE JTaBJIeHHUE, BO3JICHCTBYIOLIEE Ha Orpa)Aaroliie KOHCTPYKIUU IIPU B3PHIBHOM
TOPEHUU CMECHU B 3aMKHYTOM 00BbEMeE, onpenensaercs 1o ypasHeHuto S1.b. 3enpnosnya:

ch
P:PO+(P6—PO)'F

nom

w m T
[Ipn —- =1 u30BITOYHOE AABJICHUE NPU B3PBIBE YBEIUUUTCSA B — - —= pa3:
nom n
rae: 1, - Temneparypa npoayKTOB TOPEHUs IpH B3peIBE, K;
T, - HayasibHAs TemnepaTtypa cmecu, K.

m T w
AP =P - (—.26 _1).—o
o(n 7 )W

H nom

Benuauael m 1 n OMPCACIIAOTCA U3 PCaKINU 'OPCHUA.

H

Tabnuya 2.1.

N30bITOYHOE JaBJICHHE HA

CreneHb pa3pylieHHs] KOHCTPYKIUIH
KOHCTpYKuMH, I1a paspy pyxit




Pa3pymienue ocrekieHus, jerkux neperopoiok, Bckpbitue JICK,

Menee 5x10° y
nBepel, BOpoT (cinabbie pa3pyiieHus)

Paspymenue mimt nokpeITHs, NEPEKPBITHHA, KPOBJIM, KHUPIUYHBIX

5><103<APB<5><104 CTeH TOMIIMHOM A0 51 cM, OETOHHBIX CTEH TOJIIHMHOH 10 26 cM
(cpenHue pa3pyiieHws)
5510 <AP.<5x10° Pazpymenue 3manuii co CTalMbHBIM KapKacOM, KHUPIUYHBIX CTEH
B

TOJIMHOM 10 36 cM (CUJIbHBIE pa3pyILEeHNs)

Bonee 5x10° [TonHOE pa3pyieHne KUPIUYHBIX U JKeJIe300€TOHHBIX 3JaHUN

Bo3znukaroniye npu B3pbiBe Harpy3Ky Ha OrpakJaroliie KOHCTPYKLUU MOTYT JOCTUTaTh
coteH Thicad [lackane. [JomycTumMoe ke faBieHue Uil KOHCTPYKIUI IPU KOTOPOM OHH
COXPaHSIOT HECYLIYIO, U OIPaKJAIOILYI0 CIOCOOHOCTD, 3HAUUTEIBHO MEHBIIIE JAaBIICHMS,
Pa3BUBAIOIIETOCS IIPU B3PBIBE.

[Ipu oGecrieueHNN B3pHIBO3ALIUTHI 3/1aHUI, HEOOXOAUMO CTPEMUTCS K TOMY, YTOOBI H30BITOYHOE
JlaBJICHHE, BO3HUKAIOILIEE IIPU B3PbIBE, HE MIPEBBILIANIO JOIMYCTUMOTO 1J1s1 KOHCTPYKUMH. CHU3UTH
JaBJICHUE MIPH B3pbIBaX B MPOU3BOJACTBEHHBIX NOMELIEHUAX 10 BEIMYNH, O€30TaCHbBIX IS
MIPOYHOCTU U YCTOMYUBOCTH OCHOBHBIX CTPOUTEIBHBIX KOHCTPYKIIUMA, TO3BOJIIET IPUMEHEHNE
nE€rkocOpacbIBa€MbIX KOHCTPYKIIHIL.

JlonyctuMoe n30bITOYHOE J1aBJIEHUE MPU B3PBIBE Py MOXKET OBITH OIIPEEIIEHO
SKCIIEPUMEHTAIbHBIM UJIA PACYETHBIM ITYTEM.

HarnsagHo 370 MOXKHO IIPEACTaBUTh U3MEHEHUS 1aBJICHUS IIPU B3pbIBE Ha PUCYHKE 2.2:

A

AP,

APon

v

Puc. 2.2. 3MeHeHus 1aBiieHus NpU B3pbIBE:
1 — B 3aMKHYTOM 00BEME; 2 — ¢ JIETKOCOpPachIBAeMBIMH KOHCTPYKIHSAMHU

Ecmu npumenenue JICK obGecnieunBaeT CHUKEHHE HATPY30K 10 5% 10° Ia, To MpOBEpPKa HECYILIEH
CTIIOCOOHOCTH TPH B3PBIBE CYHIECTBYIOMIMX OCHOBHBIX KOHCTPYKIMI HE HY)KHA.

TIpu AP, Goree 5x10° Tla, HEO6X0MMO POM3BOIUTE PACUET B3PEIBOYCTOMIMBOCTH
KOHCTPYKIIMH, a JUIs 3TOTO HAJI0 3HATh YPAaBHEHHSI, TI0 KOTOPBIM ONPEICISIFOTCS apaMeTPhI
B3pBIBA.

2.1.2.2. 30bITOYHBINA 00BEM MPOAYKTOB B3phIBa

AW, :(g—l)-ﬂ_o,g.(ljion o

nom 0
rae: AW, — u30BITOYHBIN 00BEM MPOIYKTOB B3PHIBA;
£ - CTETICHb PACHIUPEHHUS MPOIYKTOB TOPEHUS IIPH B3PHIBE;
W, - 00bEM B3pBIBOOIIACHON CMECH;
Woom - OOBEM IOMEIIEHUS;
Pjon - mOoTycKaemMoe 1aBJICHHE Ha KOHCTPYKIIUH,
Py - HauannpHOE JaBJICHHE.

2.1.2.3. Temneparypa ropeHus Ipu B3pbIBE




T,=09-T,
rae: 1. - TeopeTHuecKas TeMIIepaTypa HMpOAYKTOB ropenus, K, ompenensercs mo ypaBHEHHIO
TeruoBoro 6ananca n, -Q, =0, .

2.1.2.4. CkopoCTh UCTEUEHHS Ta30B IIPU B3PbIBE

0,286

v =334 |1, 1| Do

ucm
Pdon
raec: Tucm - TEMIICpaTypa UCTCUCHUA ITPOAYKTOB B3PhLIBA,
W W
08-(e—1)-—= |.T +|08——< |.T,
T — nom nom

L6+(e—2) er

nom
& - CTEIIEHb PACUIMPEHMS MPOJYKTOB TOPEHUS.
OcTasnpHble 3HaYEHUs], BXOSIINE B YypaBHEHNE [TPUBE/ICHBI BBILIE.

2.1.2.5. PacuérHoe Bpems B3pbIBa

(Bpemst ucteuenus: npoAyKTOB rOpeHUsi, Yepe3 OTBEPCTHUs, 00pa30BaBIINECS MPU BCKPHITUU
JICK).

T =Tpn ~Tpn

TA€:  Tsy - HOJHOE BpEMs B3PhIBA;
Teu - BPEMS HapacTaHUsl U30BITOYHOTO JAABJICHUS.
IIpu ¢-W,_ <W  ‘pUHUMAET 3HAYCHUE:

cm nom

031-| W, —

cm

Ilpu ¢ W_2>W

cm nom

0313w, -| 1
T =

’ V, €
rae:  Vy— HopMasbHas CKOPOCTh FOPEHHS], a OCTAJIbHBIE MTAPaMETPhI YK€ U3BECTHBI.
[Tpu 7,=0 — JICK ne Tpebyetcs
[lepeuncnennble napaMeTpbl HaM HEOOXOAUMBI 171 pacuy€Ta IIoNaan JErkocopackiBaeMbIX
KOHCTPYKLUH.
BbIBO/[: PaccMoTpeHHBIE BOIIPOCH TIO3BOJISIFOT TIOIONTH K U3JIOKEHUIO TPOBEPOYHOTO
pacuéra mioniaau JICK.

IMPUHUMACT 3HAUCHUC!

2.1.3. Pacuért Tpedyemoii niomaau JérkocopacbiBaeMbIX KOHCTPYKIHIA

B Hacrosiiiee BpeMs CyIIeCTBYIOT HECKOJIBKO CIIOCOO0B OIpe/Ie/IeHUs TpeOyeMOit IIoa m
JICK:

2.1.3.1. Pacuér mnomaau JICK no napamerpam B3pbIBa, (110 ypaBHEHUIO TOPEHMUS)

YcnoBue 6€300aCHOCTH:
F >F

JICK.®@ — =~ JICK.TP

Kak npaBuiio, Fip jick paccuuTbIBaeTCs Ha €AMHUIYY 00bEMA IUIOIIAIN:



F

JICK.TP — f JICK.TP 'Wno,u

B METOAUKE pvaéTa IMPUHSATEI CJICAYIOIUC MPCAITOCBIIIKY U JOITYIICHHAA

pu

CMECh PaBHOMEPHO pacHpeiesercs 0 BceMy OObeMy IIOMENIEHHsS WM €ro 4acTu C
KOHLIEHTpaLyen OJIM3KOM K CTEXMOMETPUUYECKOM;
TOPEHUE CMECH PACTIPOCTPAHAETCS 10 CPELE;
1o momeHTa BekpbITUs JICK noBbllieHre JaBieHus IPOUCXOJUT KaK B 3aMKHYTOM 00beME;
npuHumaercs, 4ro JICK paspyiiarorcs MrHOBEHHO IPU JOCTKEHUH JaBiACHUS APjy,,;
IIPOLIECC UCTEUEHUS Ta30B Yepe3 NPoEMbI IOMELICHHS] — aIuabaTHYECKUH.
Torna Tpedyemas miomans JICK onpeznensercs 1o ypaBHEHUIO:
F

acxrr = Lacke Waow
VY nenpnas miomanes JICK onpenensiercs kak:

AW
ke = % ’ ‘T,

8

=Aw, - [Benn4nMHA U30BITOYHOTO 00BEMA IIPOIYKTOB B3pbIBa Ha 1 Ha M° 06BbeMa

nom

IIOMCIIICHUS.

Aw,
JCK.TP = w T
ucm

Bce 3HaueHus, UCNOJIb3yeMbIE B YPAaBHEHUSAX BAM 3HAKOMBI I10 MPEIbIAYIIEMY pa3ieiy.

Anroput™m onpeneneHus Fcx n30keH Ha ctpanuiie 282 [4].

2.1.3.2. Pacuyer FTPJ‘[CK o CH 502-77

O06o03HaueHus B MPUBOIUMOM pacuére cOOTBETCTBYIOT 0003HaueHusiM B CH 502-77. s

yI00CTBa BOCIIPUSATHS MIPUBOIUTCS UACHTH(PHUKAIUSA UX ¢ 0003HAYCHHEM aHAIOTHYHBIX BEJIMUUH B
1. 2.1.-2.4. HacTOAILIEN JTIEKINM.

Hcxonubie nanHble s pacyéra.
I' — HopManpHas CKOPOCTh TOPEHUSI B3PbIBOONIACHOM cMmecH, M/c, mpuHuMaetcs o npuwi. 1 CH
502-77.
Op — pacdeTHas IUIOIIA/lb PACIIUPEHUS IIPOJLYKTOB TOPEHNUS, OIIPEEIIAETCS B COOTBETCTBHH C II.
3.1. CH 502-77.
I — 06BeM TOMEIIEHHS, M, OTIPEIEISETCS 110 TIPOEKTY.
B — 06beM B3PHIBOOIIACHOI CMECH, M°, Ompe/iensiercs B cootsercTuu m. 3.1. CH 502-77.
E — xonmuecTBO MOCTYNUBIINX B MOMEIIEHNUE BEUIECTB, T, onpenensercs no HIIb 105-95.
C — CTeXHOMETPHYECKask KOHIIGHTPALHS B3PHIBOONACHOH CMECH, I/M°, PHHIMAETCS 110 TIPHIL. |
CH 502-77.
Py — armocdeproe masnenue, 10* kre/m?.
a — ko3 (pUUMEHT 3anoyHeHus1 00beMa MOMEIIEHUSI B3PhIBOONACHON CMEChIO, TPUHUMAEMbIi
no npwi. 2 CH 502-77 B 3aBucumocT# oT B.
Jl — Bec 1 M” JIerkocOpachIBAEMOr0 SMEMEHTA C YIETOM IOCTOSHHBIX M BPEMEHHBIX JUTHTETBHBIX
Harpy3ok, Kr, [0 MpPOEeKTY.
@ — oAk JIErko cOpackiBa€MOro 3JIeMEHTa, 10 MPOEKTY, Ul 3JIEMEHTOB IJIOLa/IbI0 MEHEe
1 M* — ycoBHO paBHO# 1 M’

Anzopumm pacuéma
1. Onpenenenue pacu€THOM CTENEHU PACIIMPEHUS IPOAYKTOB TOPEHHUS:

3p =D-a+1

2
2. OnpesneneHue 1aBiaeHUs B3pblBa Ha TOPU30HTAIBHYIO TIOBEPXHOCTb, KIC/M”, -

ocyutecteisiercs o npuit. 3 CH 502-77 B 3aBucumocts ot I' (m/c), IT (M), [T, (kre/m?):

P =285-I+2-J+075- - J+7-107 -I1-110
3. Pacuér naBienus B3pbiBa Ha ropusonTanbhbie JICK (kpome cTékor), Kre/m”
Pr =P [1+025 Vo 1|

2
4. Pacuet naBiienus B3pbiBa Ha BepTuKaiabHbie JICK (kpome cTekia), Kre/m™:



Pt =075-P"-[1+025 Vo —1|

5. Onpenenenue 1aBiIeHNs B3pbIBA HA JINCTOBOE CTEKJIO HE3aBHCUMO OT PACIIOJIOKEHUS €0 B
2
MIPOCTPAHCTBE, KIC/M "

P;in — Pcm .y

rae: P - maBneHue, pa3pyInaromiee JIMCTOBOE CTEKIIO C COOTHOIIEHHEM CTOPoH 1:1 mpu
JIBOMHOM OCTEeKIeHNH, Kre/M”, (mpuarMaetcst o Tadm. 2 CH 507-77

VY - ko3¢ dunmenT ycioBuit paboThl (yYUTHIBAET COOTHOIIIEHHUE CTOPOH CTEKJIIA, BUT
OCTeKJIeHUs); (MpUHUMAETCs 1o Tab. 2).

6. Pacuér tpeGyemoit miomau JICE Ha 1 M° 06b8Ma IOMeIeHHs, M>/M”.

_00032.7, 3/, ~1-(P, +P))
p,-y[P,-11

Pacuét TpeGyemoit miomau ropusontansrbix JICK (K), Beprukamsueix JICK (K®), okommoro
crexna (K) npoussoaures no 1. 3.2.-3.4. CH 502-77.
7. Pacuét TpeOyeMoii oO1el MIomaau OCTeKICHUS, M
mp __
d)cm =Kem * I
8. Onpenenenue TpeOyeMoi IUIOIAAN JOMOJHUTEIbHBIX K OCTEKICHUIO TOPU30HTAIbHbIX
JICK, M

r
r : my K
) = (@5 - 05—
KCWI
BbIBO/I: 3nanwue pacuétbix Meton0B npoBepku miomaau [1K (JICK) no3Bomnser
MIPOBOJUTH KaueCTBEHHYIO 3KkcnepTusy [1BD 3nanuii u coopyxeHui.



