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OCOBEHHOCTU ONPEAENEHNA KOO DULMUNEHTA
ANHAMWYHOCTU NP MMNYJIbCHbIX HATPY3KAX

PaccMoTpeHa MeToA0mMorus oLeHKN KO3hdPUUMEHTa ANHAMUYHOCTM NPU yAAPHbIX HAarpy3Kkax, Conpo-
BOXJAIOLWMX, HAaNpUMep, B3pbIBbl, NafeHe MacCUBHbIX Tefl, rTnapoyaapbl. OTMeYeHbl 0COOEHHOCTY,
CBfi3aHHble C onpefeneHemM Ko3dpduLmeHTa AMHAMUYHOCTU NPU UMMYSbCHBIX Harpy3kax, CBOWCT-
BEHHbIX MHOMM 4pe3Bbl4anHbIM CUTyaLIMAM. BbisBReHbl HeJoCTaTKM MeTofa No onpeaeneHuio Kosd-
prUmMeHTa AMHAMUYHOCTM MNP NMMYbCHBIX HAarpy3Kkax. MpoBeaeHo MHTErpUpPOBaHME ypaBHEHWS AN
HECKOJSbKMUX BULLOB HArpy30K U PasfiMyHbIX COOTHOLLEHWUIA MeXAY ANUTENbHOCTbIO HAarpy3Kku 1 nepmo-
[LOM COOCTBEHHbIX KOonebaHW KOHCTPYKUMK. OnpeaeneHbl 3HaveHms Ko duLmeHTa AMHaMNYHOCTY
LN Pa3NMYHbIX COOTHOLLEHNI MeXAY ANTENbHOCTBIO Harpy3ku 1 NeprofomM coBCTBEHHbIX Koneba-
HUI KOHCTPYKUMM MPW Harpyskax natv BUOoB. [MpuBedeHbl KpUTEPUN, Npr KOTOPbLIX KO3(MMOULIMEHT
OVHAMWYHOCT ONpefensieTcs TOfbKO MMMYIbCOM YAAPHOM Harpy3kn M He 3aBUCUT OT ee (hOpMbI.
YCTaHOBIEHbI COOTHOLWEHNS A5 onpefieneHns KodhduLmMeHTa AMHAMUYHOCTM NPY yAAPHBIX Harpy3-
Kax, COMPOBOXIAIOWMX Ype3BblHaiHble CUTYaLMN.

KntoueBble cfioBa: CTaTvdeckas Harpyska; AMHaMuydeckas Harpyska; KoathdUUMEHT ANHAMNYHOCTY;
pacyeT CTPOUTENbHbIX KOHCTPYKLLIA; TUMOBbIE Harpy3Ki; Neprom, COOCTBEHHbIX KONEOaHMIN KOHCTPYKLIM.

DOI: 10.18322/PVB.2018.27.02-03.37-43

MBI IIPOCKTUPOBIIIUKHU YaCTO OTPENEIISIOT M0 rpadukam
(puc. 1), mpuBeACHHBIM BO MHOTHX CIIPABOYHUKAX T10
MIPOYHOCTHOMY PACUETy COOPYKEHHH, TJIe KpyroBas yac-
TOTa OCHOBHOTO TOHA COOCTBEHHBIX KOJICOaHUI KOHCT-
PYKIHIt 0, OTIpeiersieTcss METOaMH CTPOUTENTLHON Me-

BBepeHune

B nipakrtrike cTpouTeTEHOTO TIPOEKTUPOBAHKS IPUHSITO
MIPUBOIUTH HECTAIMOHAPHBIE HATPY3KHU K SKBUBAJICHT-
HBIM cTaTHYecKuM Harpyskam [1-4]. Ilpu pacuerax

MOCJEICTBUM TUHAMUYECKOTO BO3/IEHCTBUSI HA CTPOU-
TEJIbHbIE KOHCTPYKLNH UCTIONB3YETCS CIEAYI0Iast Me-
Tonosiorusi. JluHamuyeckas Harpy3ka 3aMeHsIeTCs IK-
BUBAJICHTHOMN € M0 JEHCTBUIO CTaTUYECKON Harpys-
Koii P,, koTopast onpeznenseTcs o Gopmyie [5-10]:

Pazpmachu: (1)

rae P, — MakcuMaibHas JUHAMUYeCKasi Harpy3Ka;
K, — k03 QpUIMeHT TMHAMUIHOCTH, PABHBIH MaK-
CHUMaJIbHOMY 3HAYECHHUIO (DYHKIUU TUHAMUYIHOCTH
1(t), onuchIBarONICH ABMXKEHUE (TIepeMelIeHUE ce-
YEHUI) KOHCTPYKLMU BO BPEMEHU.
Kax cnenyer u3 Beipaxxenust (1), 1uist 3aMeHbI qUHA-
MHUYECKON Harpy3KH SKBHUBAJIEHTHON €l CTaTUYECKOU
HEOOXOJMMO OTIPEIEIUTh KOIPPHUIIMCHT TMHAMIYHO-

cru K. Bennuuny K, ipu Harpy3ke TpeyroabHoi ¢pop-

© Komapos A. A., Koponvuenxo J]. A., @an Tyan Anv, 2018

XaHUKH.
W3 rpaduka puc. 1 cnemyert, uto ecau BeauuuHa 0,
CTPEMUTCS K HYJTIO (TPH HArpy3Ke Muioo0pa3Hou ¢op-
MBI), TO YUCTICHHOE 3HAUCHUE KO PHUITHESHTA TMHAMII-
HOCTH NpHONmxaercs k AByM. Mcxo/s u3 3Tux coodpa-
YKSHUH IPOCKTUPOBIIUKH JTFOOYFO HArPy3Ky MAI000pa3-
HOU (OPMBI TIPU MPOBEICHUH CTATHYCCKUX PACUCTOB
yaBanBaroT. OHAKO 3TOT MOJAXOA HENpPaBOMEPEH ISt
KPaTKOBPEMEHHBIX (MMITYIbCHBIX) HAarpy30kK. MIMeHHO
ATOT BOIIPOC M PACCMATPUBACTCS B HACTOSIICH CTaThe.
ITpu upe3Beryaitabix cutyanusx (UC) mocrarouno
4acTO BO3HHUKAIOT KPaTKOBpeMEHHbIe Harpy3ku [11-14].
[Ipu B3pBIBax 3apsA0B B3phIBUATHIX BeniecTs (BB), mpu
aBapHUITHOM TTaIeHIU MAaCCHBHBIX TeJ (HAIpuMep, TpaHC-
MTOPTHBIX KOHTEHHEPOB B OaccelHbl BbLiepkku Ha ADC),
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Puc. 1. I'padmxn m1s onperneneHnst KoadhuimenTa IMHAMAYHOCTH
K:1—0/6,=2;2—0/0,=6;3—6/0,=10;4—6/0, = 20;
5—6/6,=50,6—6/6,=100;7—6/6,>200; 0 u6, —Bpems
COOTBETCTBEHHO JICHCTBHUS IMHAMUYECKOM HArPY3KH U ee Hapac-
TaHUS JI0 MAKCUMATbHOH BETMUUHBL; AP — B3pbIBHAs Harpy3Ka
Fig. 1. Graphs for determining of dynamic amplification factors
Kygn: 1 —6/0,=2;2—0/0,=6,3—06/0,=10;4—0/6, =
20;5—6/8,=50;6—6/6,=100; 7—6/6,>200;,0u 6, —
time respectively of the action of the dynamic load and its in-
crease to the maximum value; AP — blast load

IIpU TUAPOYJapax U T. . GOpMUPYIOTCS HATPY3KH, JUTH-
TEJIBHOCTh KOTOPBIX HCUUCTISIETCSI MUJUTMCEKYHIAMH TIPH
OUYCHB BBICOKUX JaBiieHusX [15-20].

e Hame# pabOTHI 3aKITFOYACTCS B BBISIBJICHUH He-
KOTOPBIX 0COOCHHOCTEH, CBSI3aHHBIX C PAC4eTOM KOd (-
(urnmenTa TMHAMUYHOCTH TPU MMITYTbCHBIX HArpy3-
KaX, CBOMCTBEHHBIX MHOTUM UPE3BBIYAHBIM CUTYAIH-
siM. B ¢Bs131 ¢ THM HEOOXOANMO YCTaHOBUTH KPHTEPHUH,
IIPY KOTOPBIX KOAP(UIHEHT THHAMITYHOCTH OTIPEICIIS-
€TCsI TOJIEKO MIMITYJTbCOM YIapHOU Harpy3KH, a TaKke
MPUBECTH COOTHOLICHUS JITISI OTIpeeIeHIS Kod(huIm-
eHTa JUHAMUYHOCTH NPU YIapHBIX HArpy3Kax, Compo-
BOYK/IAIOIIMX B3PBIBBI, [1aIEHIE MACCUBHBIX TeJl, TUAPO-
yaaphl U T. [I.

TeOPETVI‘-IeCKVIe pacyeTbl

PaccMoTprM METOIOIOTHIO OLICHKU Kod(dureHTa
JUHAMHYHOCTH TP NIOJIOOHBIX Harpy3kax. B cBoux pac-
CYXICHHUAX OyaeM MPHUICPKUBATHCS MPUHSITHIX B IH-
HaMHKE COOPY)KEHHUH MOIXO/IOB.

W3BecTHO, 9TO ABMKCHHE KOHCTPYKIUHU B CTAIHU
YIPYTHX Ie(POPMAIIHii ONTUCHIBACTCS YPaBHEHHEM

2
—‘(11 2T +o'T = o f(1), ()
t

rae 7(f) — OTHOCHUTENIbHOE MePEMEIIICHUE KOHCTPYKIHU
wi pyHKMs quHamMuarocty; 7(¢) = S(6)/S

MakKkc?

S(#) — cmemeHre KOHCTPYKIIMU TIPU CTATHYECKOM
BO3/ICMICTBUM HA HEE HArpy3KH P;
S\ jaxc — CMEIIIEHUE KOHCTPYKIIMU IIPU CTATHYECKOM
BO3/ICHCTBUU HA HEE HATPY3KU P ;
®, — KPyroBasi 4acTOTa COOCTBEHHBIX KoJIeOaHU
KOHCTPYKIIUH;
f(¥) — dynkus, onuckiBaromas u3MeHeHUe 0e3-
pa3sMepHON JUHAMHYECKON HArpy3KH BO BPEMEHU;
F(0) = P()/Pye.
Pemenue ypaBHeHus (2) npu HYJAEBBIX Ha4aJIbHBIX
YCIIOBUSIX UMEET BU/I;

T(t) = wjf(u)~sin (o(t —u))du =
0

=o|sinm- tjf(u)-cos(mu)du - 3)
0

—Cos ®- tjf(u) -sin (ou)du |,
0

7€ ¢ — MOXYJb YIIPYTOCTH KOHCTPYKITHH.

UwuciieHHOE MHTETPUPOBaHKEe BeIpakeHwus (3) maer
(YHKIHIO TIepeMenIeHIUsI KOHCTPYKIIUH MO ICHCTBHEM
cITBL f () BO BpeMeHH. MakcuMalbHOE 3HAUCHUE (PYHK-
nuu nepemMerneHus 7(f) ecth kodhOUIHSHT THHAMAY-
HOoCTH K.

Jnsa onpenenenus kodhdumeHTa TMHAMUYHOCTH
HEOOXOJMMO 3HaTh YaCTOTY OCHOBHOTO TOHa COOCT-
BCHHBIX KOJIEOaHNH KOHCTPYKIHH M, KOTOpast OIpese-
nsieTcst mo gpopmyine [4]:

o = i @
K
rae o — K03 UIMEHT, onpeneNseMblil 10 CIpaBoy-

HOM uTeparype (Harpumep, [4]);

L — nnvHa npoJeTa KOHCTPYKIIMU;

B — n3rubHas xectkocTh; B = EI;

E — nuHaMu4YecKuil MOy YIIPYTOCTH;

[ — oceBoif MOMEHT MHEPIIMH CEUCHUS;

M, — noroHHast Macca KOHCTpyKimu; M, = q/g;

q — TIOTOHHAsI Harpy3Ka OT B3phIBa ILTIOC HATpy3Ka

OT COOCTBEHHOTO BeCa KOHCTPYKITHU;

g — YCKOpEHHE CBOOOIHOTO IMaICHUSI.

Pemenne ypaBHeHHs (2) MOXKHO TOJYYHTb, YHC-
JICHHO pa3peluB cuctemy nuddhepeHnnaibHbIX ypaB-
HEHMII IEPBOro MOPsKA:

dU 2 2 . dT _
T o T+ o f(t); E_U’ 5)
rae U — sHeprus yupyroil nedopMarivm.

K HemocTaTkam OMMCaHHOTO METO/IA CIIETYET OTHE-
CTH cllestytoliee 00CTosATeNbCTBO. B pacuerax npearno-
JlaraeTcs, 4To KoyiebaTeIbHbIN MpoIecc KaXkoro dJie-
MEHTa MPOMCXOAUT Ha ONpEeAeNeHHON yacToTe (Kak
IPaBUIIO, HA YACTOTE€ OCHOBHOT'O TOHA), XOTS B CHCT-
BUTEJIBHOCTH KOJIEOaHHsI IPOUCXOJISIT BO BCEM CIIEKTPE
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COOCTBEHHBIX YaCTOT yIpyToro a1eMenTa. Kpome toro,
B JIaHHOM METO/I€ IPOU3BOJIbHBIE [PAHUYHBIE YCIOBHS
MOYKHO 33J1aBaTh C ONPEIeICHHBIMA MPHOIVKEHISIMH.
TeM He MeHee IpU pacyeTax CTPOUTEIbHBIX KOHCTPYK-
il Ha npouHocTh npu YC, korzna B KauecTBe UCXOM-
HBIX JJaHHBIX IPUHUMAIOTCS MAaKCUMAJIbHO BO3MOXKHBIE
Harpy3KH, KOTOpbIe MaJIOBEPOSITHBI, JAHHBIN [TOIX0] B
onpezenenuu K, B HEKOTOPOH CTENEHH OIPABJIaH.

Ha puc. 2 mpuBenensl 3HaueHust kodhduuueHTa
JUHAMUYHOCTH JUI PA3IMYHBIX COOTHOIICHUH MEXITY
ATUTENBHOCTBIO ACUCTBHS HATPY3KHU Ty, M IEPHOTOM
COOCTBEHHBIX KoJieOaHuil KOHCTpyKIuH 7, IpH Harpys3-
Kax IATH THIIOB.

W3 puc. 2 BunHO, 4TO BpeMEHHOMN XapakTep Harpy3-
K BIUSIET HAa KO3()(QUIHCHT THHAMIYHOCTH TOJIBKO IPH
COOTHOLIEHUU MEXy AJUTEIBbHOCTbIO JAEHCTBUS Ha-
TPY3KH U MIEPHOIOM COOCTBEHHBIX KOJeOaHUI KOHCT-
pyk1wn, npessimratomeM 0,57, OToT BakT, coOCTBEHHO,
U OTpa)kaeT puc. 1, KOTOPBI NOCTPOEH NPUMEHHUTENb-
HO K J0CTaTOYHO MPOIOJIKUTEIbHBIM (110 OTHOLLIEHUIO
K TepHOAY COOCTBEHHBIX KoJeOaHHU KOHCTPYKIIHUH),
a He UMITYJILCHBIM Harpy3KaM.

Ha puc. 3 npuBenens! 3HaueHus koddunnenra
JUHAMHYHOCTHU JJIS1 Pa3JIMYHBIX COOTHOILIEHUH MEXIy

P/PMaKC /P/Plﬂ'dx
Ty

1,0

0.8
0,6
0,4 -

0,2

T T T T T T T T T
0 05 1,0 1,5 20 25 30 35 40 45 t/TO

0 05 1,0 1,5 20 25 30 35 40 45 T,0/To

Harp

Tload/ TO

Puc. 2. KosdduienTsl AMHAMHUYHOCTH TIPU HATPY3KaX MATH TH-
nos: /] —K=0,10; 2—K=0,25;3 —K=10,50; 4 — K =0,75;
5—K=090;, K=T,/T, warps 11 — JUIMTEIBHOCTh HapacTaHMs
Harpy3kH; 7ap,, — JUIMTENBHOCTD AEHCTBUA HATPY3KH

Fig. 2. Dynamic amplification factors under loads of five types:
1 —K=0,10;2—K=0,253—K=0,50;4—K=0,75; 5 —
K=0,90; K=T,/T\oaq; T; — load rise duration; 7},,q4 — load
action duration

JUTHTEITFHOCTHIO AEHCTBHS HATPY3KH U IEPHOIOM CO0-
CTBEHHBIX KOIeOaHMH KOHCTPYKIIWH, TIPH HAaTpy3Ke yaap-
Horo Buja K = 0 W Harpy3ske, UMEIOIICH TONBKO (azy
Hapactanus, K = 1. YCIIOBHO UX MOXHO CUHMTATh “Kpaii-
HUME (POPMaMU HATPY30K — yIapHOH U IIABHOM.

P/PMaKC /P/Plﬂllx

1,0 +
0.8 -
0,6
04

s

0,2

~0.2

0 05 1,0 L5 20 25 30 35 40 45 /T,

dyn

0 05 1,0 15 20 25 30 35 40 45T, /T,

Tl oad/ T()

Puc. 3. KoadduunenTs! TMHAMHIHOCTH NPH HArpy3Kax JBYX
“kpaiiaux’’ TumoB — K = 0; K =6

Fig. 3. Dynamic amplification factors under loads of two “extreme”
types —K=0; K=6

P/PMaKC /P/Pmux
1

1.0
0,8 4

061 2 THarp
0,4 | T

Tload
0,2 4

*0,2 T T T T T T T T T
0 05 1,0 1,5 20 25 30 35 40 45 t/TO

0 05 10 15 20 25 30 35 40 45T, /T,

Ti0ad/To

Puc. 4. Kooppuumentst quHamuaHoctd unt 7y, ., / T, <0,5mpu Ha-
rpy3Kax IpsMOYTONbHOTO (/) ¥ TPEeyroiabpHOTo (2) THIIOB

Fig. 4. Dynamic amplification factors for ratios of 7jy,q /75 < 0,5
under rectangular (/) or triangular (2) type of loads
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Jlns coornomennii T,/ Ty <0,5, kKak yka3pipa-
JI0Ch paHee (CM. puc. 2), popMa Harpy3KH He BIHSICT Ha
YHCIICHHBIC 3HAYCHUS KO(PPHUIINECHTa THHAMIIHOCTH.
OCHOBHOE BIHSHHUE HA HETO OKA3bIBAET UMITYJIEC TaB-
nenus [ = IP(t) dr. Oto BuaHO U3 puc. 4, rae npusese-
HBI 3HaUCHUS K03 (UIIeHTa TMHAMIUYHOCTH TIPH Ha-
rpy3Kax TpeyronbHOM (I = 0,5P, . Tprp,) M IPAMOYTOIIB-
HOﬁ (I = PMaKcTHarp) (bopMLI'

B pesynbrare NpoBeACHHBIX PACUETOB OBLIO MOIY-
YEHO, YTO KO((PHUIUEHT TUHAMUYHOCTHU IIPU KPATKO-
BpeMeHHbIX Harpy3kax (T,,.,/ Ty < 0,5) npubnuskenHo
MOKHO OTIPENICNIUTH 0 CIEAyIomei Gopmyrne:

2T,
K, =% {2—1,5 (1-1ﬂ. (6)
TO PMaKC THarp

Torma nmeem:
e JUIsl HATPY3KH TPEYTOIBHON (hOPMBI
(I=0,5P

Makc THan)

2Ty
K, =125 ; ™
TO

e I HATPY3KH MPSMOYTOJIBHOH (hOPMBI
(I = Pyaxe Tiarn):

Makc ™ Harp

2T,
K, =20 2% (8)
pis TO

BbiBOAbI

OTMmeueHbl 0COOEHHOCTH, CBSI3aHHBIE C ONpezeie-
HUEM KO3 PHULHMEHTa JTUHAMUYHOCTHU MIPU UMITYJIbCHBIX
HarpysKax, CBOWCTBEHHBIX MHOTUM YPE3BbIYaHBIM CH-
TyauusM. Beuio MpoBeeHO UHTErPUPOBAHUE YPaBHE-
HUS (2) U1 pa3InYHbIX COOTHOILICHUH MEXKIY JUTUTEIb-
HOCTBIO HArpysKkH 7, U EPHUOLOM COOCTBEHHBIX KO-
neGaHuit KOHCTPYKIH T, TpH Harpy3Kax HECKOIBKUX
TUTOB. [IpuBEICHBI KPUTEPHH, IPH KOTOPHIX KOAPPH-
OUCHT TUHAMHWYIHOCTH OIPEACIIACTCA TOJILKO UMITYJIBCOM
yIapHOW HArpy3KH M HE 3aBHCHUT OT e pOpMbI. YcTa-
HOBJICHBI COOTHOIIICHUS JUIsI onipeieTieHust Kodhduiu-
€HTa JMHAMMYHOCTH IIPU yIapHbIX Harpy3kax, COIpo-
BOXKJIAIOIINX YpE3BbIUANHBIC cUTyalluu (B3pbIBHI BB,
raJieHue MaCCUBHBIX TeJl, THIPOYIaphl U T. 11.).
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ABSTRACT

Itis accepted to lead non-stationary loads to equivalent static loads in practice of construction design.
Different methodologies are used to calculate the effects of dynamic impact on building structures.
This article describes evaluation methodology of dynamic amplification factor under impact loads,
arising in case of explosions, falling of massive bodies, hydraulic impact. To calculate the dynamic
amplification factor it was determined frequency of fundamental tone of natural oscillation. A short-
coming of described evaluation method of dynamic amplification factor under impact loads is the as-
sumption that oscillation process of each element happens at a certain frequency (usually at the funda-
mental tone frequency); though in fact oscillations happen in all range of natural frequencies of elastic
element. Besides, any boundary conditions for this methodology can be set with certain approxima-
tions. Nevertheless structural analysis of building constructions in conditions of emergency situation,
when the maximum possible loadings have been taken as initial data, such approach in determination
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of Kgy, 1s justified in a certain degree. The integrating equations for different types of loads and
various ratios between load duration and natural oscillation period has allowed to determine values of
dynamic amplification factor for such ratios at five types of loads. It have been shown that temporality
of loading influences dynamic amplification factor only at certain ratios between load duration and
natural oscillation period. This fact can be attributed to a sufficiently long (in ratio to the natural oscilla-
tion period), but not to impulse loads. Values of dynamic amplification factor for various ratios between
load duration and natural oscillation period under the impact forces and under the growth phase load
were given. The type of load have not affect numerical values of dynamic amplification factor for
the presented ratios. The main influence on dynamic amplification factor is the pressure pulse.

Keywords: static load; dynamic load; dynamic amplification factor; structural analysis; typical loads;
natural oscillation period.
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