JOCJIIKEHHS, TPOEKTYBAHHS TA 3ATNTIPOBATKEHHS
PECYPCOEKOHOMHUX KOHCTPYKLIi, BYIIBEJIb TA CITOPY]]

YIK 624.012.35: 620.173

OCHOBHI MMOJIOKEHHS PO3PAXYHKY 3AXNCHHUX
®OPTUPIKALIAHUX CHIOPY ]I

MAIN PROVISIONS OF PROTECTED CALCULATION FORTIFICTION
STRUCTURES

Bba6uu €.M. a.1.H., npo¢., ORCID ID: 0000-0003-1746-9991, Koukapsos /I.B.,
I.T.H., mpo¢., ORCID ID: 0000-0002-4525-7315, ®ininuyk C.B. k.T.H., go1.,
ORCID ID: 0000-0002-4464-4620 (HauioHanbHUH YHIBEPCUTET BOJHOIO
rocroAapcTBa Ta NPUPOAOKOPUCTYBaHHS, M. PiBHe),

Babych Y. Dr, Prof., ORCID ID: 0000-0003-1746-9991, Kochkarev D. Dr,
Prof., ORCID ID: 0000-0002-4525-7315, Filipchuk S.V. candidate of technical
sciences, associate professor, ORCID ID: 0000-0002-4464-4620 (National
University of Water Management and Nature Resources Use, Rivne)

Po3pobiieHa MeTO0H0J10TisI PO3PAXYHKY Ta NPOEKTYBAHHS 3aJ1i300€TOHHHMX
eJleMeHTIB Ta KOHCTPYKLiH B yMoOBaXx BHCOKOLIBHAKICHHX YJapHHX
HABaHTa)KeHb. BCTaHOBJICHI OCHOBHI PO3PaxXyHKOBI 3aJIeKHOCTI PO3PaxyHKY
3axucHux popTHdikauiiHUX ciopyA Aii BorHenaJ/jbHoi 30poi.

For assignment of the type and class of concrete and conditions of
reinforcement the initial data must be given, which include: geometric
parameters of the settlement wall or overlap of the fortification structure: the
estimated flight is 10, m; height (width) H, m; thickness i, m; parameters of
the fire weapon, fire influence, which must withstand the protective cover: the
speed of the approach of the ammunition to the protective thickness v, m / s;
the mass of the munition, kg; projectile caliber d, mm; the height of the main
part of the projectile H,, m.

To determine the thickness of the protective structures, the following data is
required: - geometric parameters of the calculated wall or overlap of the
fortification structure: estimated flight, 10, m, height
(width) H, m,; parameters of the fire weapon, fire influence, which must
withstand the protective cover: the speed of the approach of the ammunition
to the protective thickness v., m/s; mass of ammunition m, kg; projectile
caliber d, mm; height of the main part of the projectile H., m; class and type of
concrete, with given physical and mechanical characteristics; scheme and
parameters of the planned reinforcement.
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The influence of reinforcement on concrete strength is established. The
influence of reinforcement on the strength of concrete should be taken into
account in the presence of the following structural conditions: the area of the
cross section of the rods per unit length in one and in other directions do not
differ by more than 1,5 times; the distance between the rods of one direction
does not exceed 150 mm, and do not exceed more than 1/3 of the smaller side
of the cross section of the element.

The basic calculation dependences of the calculation of protective
fortifications of the firearms effect are developed and established. The
methodology of calculation of such types of protective structures is proposed.

Kro4oBi ciioBa:
MiunicTb, apMaTypa, BUCOKOMILIHHI BaXKKHii OETOH, MPOOMBaHHS
Strength, armature, high-hard concrete, penetration

Beryn. 3anizobetoHHi 3axucHi  QopTudikaliiiHi cropyad MaroTh BeIHKe
PO3MOBCIOKEHHS B 3arajbHiii 00OpOHHIN cucTeMi OaraTbox nepkaB. B mepiy
4yepry 3aBAfKd BHMCOKi MILHOCTi Ta JOBrOBIYHOCTI TakuxX cHopya. Y Takux
cropygax — BiimiueHa TmeBHa ~creuudika pobOOTH  OETOHy B yMOBax
BHCOKOLIBUIKICHUX yaapis [1-3].

B ymoBax cyyacHOro po3BHUTKY 30poi pi3HOrO MpPU3HAUEHH:, OHE 3 TOJIOBHHX
NHUTaHb, fKe MPOTATOM BCHOTO PO3BUTKY JIIOJCTBA € HEOAMIHHO Ba)KIUBHUM, LE
e(eKTUBHICTb THX UM iHIIMX KOHCTPYKLIH YKPUTTIB, B TOMY YHCIli 6€3M0cepeaHbo
OETOHHMX i 32113006 TOHHHX.

ToMmy HeoOXiZHO PO3POOMTH METOMAOJIOTII0 PO3PaxyHKY Ta MpPOEKTYBaHHA
3aJ1i300€TOHHHX €JIEMEHTIB Ta KOHCTPYKLiil B yMOBaX BUCOKOMIBUAKICHUX yIapHUX
HaBaHTaXeHb.

BuznauenHs Buay i kjacy 6eTony. [[yis npusHaueHHs BUOY i kilacy 6eToHy Ta
YMOB apMyBaHHS TIOBUHHI OyTH 3a/1aHi BUXi/IHI JaHi, AKi BKIIFOYAIOTh:

- TEOMETpHYHI MapamMeTpu poO3paxyHKOBOi CTiHM abo  MepeKpuTTs
(opTrdikauiitHOT ciopyau: po3paxyHKOBHH MpodiT /yM; BucoTa (mmpuHa) H, M;
TOBIIWHA /,M;

- TapamMeTpu BOTHEBOi 30poi, BOTHEMaJdbHWI BIUIMB, $KOi TOBHHHO
BUTPUMYBATH 3axMCHE TMOKPUTTS:IIBUAKICTh Mimxomy Ooempumacy OO 3aXHUCHOT
TOBII V., M/c;Maca Ooempumacy m, ke;Kamibp cHapsmy d, mMm;BUCOTa TOJOBHOL
YaCTUHU CHapsany H,, m.

Jlomomi>kHi TapaMeTpy BU3HAYAIOTHCS 33 HACTYITHUMH (hOpMyTaMu:

- koedilieHT HOPMHU rOJIOBHOT YaCTUHU CHApSLY A;.

2
A =05+04s (ij ; M

- koedilieHT Kanibpy cHapsiny A, :
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A, =28/d-13/d; @)
- xoeoillieHT, sKMii BpaxoBye (OpMy TOJOBHOI YacTWHHM CHapsay Ta HOro
Kajiop:
A=A4,. 3)
KoediuieHT migmaTavBOCTI MPOHWKHEHHIO Marepialy 3 YMOBH, IO
npoOMBaHHA BiIOYyBa€THCS Mifl MPAMHUM KyTOM 10 MOBEPXHi 3aXMCHOT KOHCTPYKLT,
3a BUPa3oM:
kn]’ = hd : @
Amvy,
XapakTepucTHYHI 3HAY€HHSA MPU3MOBOI MILHOCTI 0ETOHY MpPW3HAYAIOTHCS 32
thopmynamu:
- IUT Baxkkoro OeToHy (B Mexax Bim C15 mo C100)
1337 -k, x10’ .

= ; )
fek,prism 0’05
- nist npibHO3epHucTOrO O6eToHy (B Mexax Bix C15 mo C80)
_ 7
- 1375k, <10 ’_ (5)
fck,prism 0,0 5
- i gpidHO3epHUCTOTO cTaneiopodeToHy(B Mexax Bim C15 mo C80)
7
fo =]],55—knp><]0 7)
fek,prism 0’05

3a BU3HAYCHOIO MPHU3MOBOIO MIlLIHICTIO OETOHY MPUAMAETHCS BUI i Kilac OeTOHY
Ta BU3HAYAIOThCS HOTO OCHOBHI XapaKTePUCTUKM: ok prisms fear for Ees Ectr Ecul

3HaueHHs KoedilieHTy MiIAaTINBOCTI MPOHUKHEHHIO VIS BCTAHOBJIEHOTO THITY
Ta KJj1acy O€TOHY 3HaXOIAThCS 32 HACTYMHUMH (hOPMYJTaMu:

- i Baxkkoro 6etony (Bix C15 mo C100)

krlp = (]3’37 - 0’05ffck,prism )X ]077 , (8)
- i apidHo3epHUCTOTO OeToHy (Big C15 mo C80)
k,, =(1375-0,05f 1y pion X107 ; ©)
- i apidHO3epHUCTOTO cTanedidpodetoHy (Big C15 mo C80)
k,, = (1155005 f 4 o JX107. (10)

I'mbuHa TpoHWKHEHHS OOe€mpumacy B 3aXWCHE TMOKPHUTTS BHM3HAYAETHCS 32
(hopmyIoro

m
— i 11
h,, = 7k, g2V (an
Yac xii HaBaHTa)XKEHHS 3HAXOAUTHCS 32 (POpMyIIot0
L (12)
1%

c
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I'pannuni  medopmamii cTHCKy BIiIMOBITHOTO Kiacy Ta TUIy OETOHY &,
HoNepeAHbO MPUUMAIOTHCS PIBHUMU E,=E1.

[lBuaKicTb 3MiHK AeopMalliii TpUiMaeThCS PiBHOIO

g=Fo (13)
T

3HaueHHs &, B pO3paxyHKaX HEOOXiIHO BUKOPHWCTOBYBAaTH 3 YpaxyBaHHAM
3MillHEHHS OETOHY TMpW BIUTMBAX AWHAMIYHOTO Xapakrtepy. s mporo HeoOXimHO
3HAUTH KOeQillieHT TUHAMITHOTO 3MIIIHEHHA O€TOHY 32 (hOPMYIIOIO:

. \L026a;
DEF, =| - npu 30x10° <£<(30+23i)c”'; a4
ESC
N
DEF, =y| - npu (30+23i)<e<300¢,
85('
ne, __ 1 fo=10Mla
CSH9f/ f
£, =30x10°c™, ¥, =107 = (1-03392i)y,, k = %,

| { 0 — 024 sancko2o b6emomny;

1 — onss cmanepibpobemony.

V Bupasax (14): g— mBUIKIiCTH 3pocTaHHs nedopmaliif, ¢'if,i— MiuHicTh
0eToHy Ha CTUCK NPY CTaTUYHIli 1ii HaBaHTaxxeHHs, MIla.

VYTOYHEHHS 3HaueHHs FPaHUYHUX Nedopmaliii cTUCKY BilMoBigHOro Kiacy Ta
THUIY OETOHY 31iMCHIOETHCA 3a (OPMYIIOLO:
5)

— gcu 1

Eoa = DEF.
Po30ikHICTH MK TONEpenHbO NPUMHATAMHM 3HAYEHHAMU TPaHUYHHUX
nedopmamiil CTUCKY &,=&.,; Ta E,14, IO OTPUMaHi 3a Bupa3oM (15) He MOBWHHA
nepeBumnyBatd 5%. Skmo pisHWmsA Oimbime 5%, HEOOXiTHO BW3HAYNTH HOBE
3Ha4YeHHs Koe(illieHTy AMHAMIYHOTO 3MIlIHEHHS, IPUIHABILN &, =&,,] 4.
IHmi fAMHaMivHI XapakTepUCTUKM OETOHy BHMOpPAHOTO THUIy Ta Kiacy
3HAXOIAThCS 3a (hopMyaMu:

- Koe(illieHT QMHAMIYHOTO 3MIl[HEHHS TIPH PO3TA3i

DEF = DEF.”"; (16)
- PO3paxyHKOBHIA OMip CTUCKY MPU BCTAHOBICHOMY AWHAMIYHOMY BILTHBI
fea = DEF. X [; a7
- PO3paxyHKOBHIA OMip pO3TATY MPU BCTAHOBJICHOMY JIMHAMIYHOMY BILIHBI
f..u=DEFXf.,; (18)
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- MoAyJb AedopMalliii TPy BCTAHOBJIEHOMY IMHAMIYHOMY BIUTHBI
E.,=E.DEF’; 19)
- neopmatiiiHi XapaKTepUCTUKA

_ € . (20)
g('] d — 4
“ " DEF,
. 5 . . 1)
g = S, =667 %107 —0ona ¢ibpobemonis );
atd = ppp (€ Qiop )
€= 5 (£, =1000%10° ~ona hidpodemoria ). 22)

3a HasgBHOCTI BU3HAYEHMX BCiX NapaMeTpiB yMOBa MiIIIHOCTi KOHCTPYKIIii

nepeBipsAETLCA 3a BUPA3OM
my’ < M, h, +£Mult 1 L. (23)
[ v 3 Foult

Bukonanus ymoBu (23) cBimuMTh Mpo Te, WO BUA i Kiac OeToHy A
KOHCTPYKLIT BM3Hau€HO NpaBWiIbHO. [Ipy HeBMKOHaHHI ymMoBM (23) HeoOXimHO
36ipImKTH Ki1ac abo TUM OETOHY Ta MOBTOPUTH PO3paxyHOK. B okpeMnx Bumaakax
MOJKHa 3MIHWTH KOHCTpYKLifo (opTudikamniiiHoi crmopyan abo BiIamTyBaTH
oOBaJTyBaHHSI.

BusHaueHHss HeoOXiZHOI TOBIUMHM 3aXMCHHUX KOHCTpyKmiid. [{nsa
BHU3HAUYEHHS TOBLIMHY 3aXMCHUX KOHCTPYKIIili HEOOXi/IHI Taki naHi:

- TEeOMeTpUYHi MapamMeTpd pO3paxyHKOBOi ~CTiHM a0  MepeKpuUTT
¢oprudikauiiinoi  cmopymu:  po3paxyHKoBHMit  mpomit Iy M,BuCOTa
(mwmpuna) H,m,;

- napaMeTpd BOTHeBOi 30poi, BOrHEMaIbHUI BIJIMB, $AKOI MOBMHHO
BUTPUMYBATH 3aXWCHE MOKPUTTS:LIBUAKICTh MiAXOAy Ooenpumacy A0 3aXHCHOT
TOBILi V., M/c; Maca Goempunacy m, ke;KaniOp cHapsamy d, Mm;BHCOTa TOJIOBHOI
YacTUHU cHapany H., m;

- KJ1ac Ta TUN O€TOHY, i3 3alaHUMU (Pi3uKO-MeXaHIYHUMM XapaKTepUCTHKaMU;

- CXeMa Ta MapaMeTpu apMyBaHHS, 110 [IAHYEThCH.

BcTaHOBNIOETHCA BIUIMB apMyBaHHs Ha MiLHICTh O€TOHY. BB apMmyBaHHs Ha
MilHiCTh ~OETOHy HEOOXiJHO BpaxOBYBaTHM TMpPW HASABHOCTI  HACTYIHHX
KOHCTPYKTHBHHMX YMOB:

1) mowli mepepi3y CTEPXkHIB Ha OJUHHULIO AOBXHHHU B OJHOMY Ta B iHLIOMY
HanpsMKax He Bipi3HAOThCS OLnbLI HixkX y 1,5 pasu;

2) BigcTaHb MiXk CTEPXHSAMH OJHOTO HAMpPSAMKY He MepeBUILyoTh 150 MM, i He
MepeBHULILYIOTh Oinblle, HixK 1/3 MEHIIOT CTOPOHHM Mepepizy eneMeHTa.

SIKII0O KOHCTPYKTMBHI yYMOBM apMyBaHHsS BiAIOBifalOTh KOHCTPYKTHBHUM
yMOBaM, MpUBeJeHa MiLHICTb O€TOHY 3 YpaXyBaHHAM apMyBaHHS BU3HAYa€ThCH 3a
(hopmynoro

f crred = f fck,prism + ¢I[l,\yfv,xy 4 (24)
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e f = PO3PaxXyHKOBUI OITip apMaTypH,
@ — xoe(dilieHT e()eKTUBHOCTI apMyBaHHsI, 1110 BU3HAYAETHCS 32 BUPA30M

023+vy
- - (26)
V= f.+10° (fos Sy —6 Mlla),
_nAd Al o
IUX" ) Aefs ’

Inst  npiOHO3epHMCTOrO OETOoHY KoediuieHT ¢ npuiiMaeTecst He Oinblme
OJTMHWILI.

V Bupazax (24) i (27):

n,,A,,l — BIIMOBIIHO YHCIO CTEPXKHIB, IUIOLIA MONEPEYHOrO Inepepisy i

sx 27 x
JOBXWHA CTEPKHA B OAHOMY HAIlIpAMKY;
| — Te caMe, B iHIIOMY HampsiMKy;
y

sy’

n,
A~ nyoua nepepizy 6eToHy, 110 3HAXOAUTHCSA B CEPE/IMHI KOHTYPY CiTOK,
(puc. 2);

s — BiCTaHb MiX CTep)KHSAMM B HampsAMy [il OTMHAMIYHOTO HaBaHTAXEHHS

(puc. 2).

v I v AV
1 1
T T
[N 1 A,
A

Puc. 2— Jlo BU3Ha4YeHHS MPUBEACHOT MIITHOCTi OETOHY

SIKmo yMOBM apMyBaHHS HE BiINOBiNAIOTH KOHCTPYKTHMBHHUM YMOBaMm,
MOTMepeTHbO  BCTAHOBIIOETHCS  3HAYEHHA  KoeQillieHTy  MiImaTiauBOCTI
MPOHWKHEHHIO 7151 BCTAHOBJIEHOTO THUITY Ta Kiacy 6eToHy 3a opMyinamu:

- i Baxkkoro 6etony (Bix C15 mo C100)

k, =(1337-005f, ,un)¥107; (28)
- nist apibHo3epHucToro 6etony (Bix C15 mo C80)
knp = (]3’75 - 0’05ffck,prism )>< ]077 ; (29)

- nst npibHo3epHucToro cranedidpoderony (Bix C15 no C80)

77



k,, =(1155-0,05f,; on)¥107. (30)

VYV  Bumagky 3aji300€TOHHOT TUJIMTM i3 apMyBaHHAM, 110 BiAMNOBiAae
KOHCTPYKTHBHUM BUMoOTaM, Yy Bupazax (28) - (30) HeoOXimHO 3aMicTb ffk )
fck,prism

npuimMatu f "
c,re

I'mbuHa NpoHMKHEHHA OO€MpHNacy B 3aXWMCHE MOKPHUTTS BCTAHOBIIOETHCS 32
(hopmyroro:
m 31
hnp = //UC np ? V.. ( )
ToBmIMHA 3aXMCHOI KOHCTPYKLii MNpUiMaeTbcss He MeHIe [IIMOWHA
MPOHUKHEHHS Ooenpunacy >
2h,,.

Yac nmii HaBaHTa)KEHHS 3HAXOAUTHCS 32 (POPMYIIOL0:
_2h (32)
VL‘
I'pannuHi nedopmaliii CTUCKY BiIMOBIAHOTO KJIacy Ta TUITY OETOHY MONEPEIHBO
MPU3HAYAIOTHCA NPH £, =&,;-
IIBuaxkicTs 3MiHN nedopMarliii BU3HAYAETHCS 32 POPMYIIOH0:

T

€
oo fa (33)
T
KoegimienT tTuHAMiTHOTO 3MIlIHEHHS OETOHY 3HAXOIUTHCS 32 (POPMYJIIOH0:
o \ 10260
DEF. =| — npu 30x107° <e<(30+23i)c”'; (34)
gSL‘
. \K
DEF. =g £ npu (30+23i)<e<300c7,
E.YC
re 1 fo=l0MIa; g =30x10%c", =107,
C549f./f,

n=(1-03392i)y,, i = 1+0,05i e 0 — ons 6aoickozo bemony;
3 1—ona cmanegiopobemony.

3HaueHHs TPaHNYHUX JedopMaliii CTUCKY BiAMOBIOHOTO KJacy Ta THITy OETOHY
00YNCIIOETHCS 32 POPMYIIOFO:
£

— cul

£ .
cul,d DEF

e

OOYMCIIOETBCS  PI3HHLT  MDK — TIOTEPEHBO  NPUWHATAMHM  3HAYEHHSIMHU
IPaHUYHUX AePOpMaLLi CTUCKY &, =&, Ta Ey14 AKA HE MOBMHHA MEPEBHILYBATH
5%. Slkmo pizHuns Oinbme 5%, BU3HAYAEMO HOBE 3HAYEHHS KoedilieHTy
JVHAMIYHOTO 3MIiLIHEHHS, TPUHHABLIN &,,= &1 4-

(35)
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JnHamiuHi XapakTepuCTUKY OeTOHYy BMOPAHOTO Kilacy Ta THILy 3HaXOIAThCA 3a

thopmynamu:
- Koe(illieHT QUHAMIYHOTO 3MIilIHEHHS TIPH PO3TA3i
DEF = DEF.””; (36)
- PO3paxyHKOBHI OMIp CTUCKY MPU BCTAHOBJICHOMY AWHAMIYHOMY BIUTHBI
f.,=DEF.Xf.; (37
- PO3paxyHKOBHI OMip pO3TATY NMPU BCTAHOBJICHOMY INHAMIYHOMY BILIHBI
fouu=DEFXf, ; (38)
- MoIyJsb edopMaliiii Mpyu BCTAHOBJIEHOMY OTMHAMIYHOMY BILTMBI
E ,=EDEF’; (39)
- neopmauiitHi XapaKTepUCTHKA
T (40)
*  DEF,
£y = % i(&,,=667x10° —ons piopodemonic ); 41
_ Cou . _ 5 ; - 42
£, = DEF (€, =1000x10~ —ona giopobemornis ). (42)

KoediuienTn anHaMivHOTO 3MiIHEHHS apMaTypd HEOOXiTHO BH3HA4YaTH 3a
rpadikom,HaBeIeHUM Ha puc. 3. 3HAUeHHA MeXi TEeKy4doCTi apMartypu Yy
3aJIeKHOCTI Bij il KIacy mpy IWHAMIYHWX BIUIMBAX 3HAXOIWTHCS 3a puc. 4 abo 3a
CHCTEMOIO:

A-240, (1 +2,227% g) f, S148;
: (43)

f,a=DEF,x f, =1 4—400, (1+1,272er f,£127;

A-500, (1+0,75><£)fy <LI5.

1.6
DEF,

1.5
A-240

DEF, =1+z,227,s//

A-400

13 / DEF, F,zng

P

14

2 / /H/
11 g as00
/ DEF, = 1+0,75¢ gl
1 1 1
0 0.05 0.1 0.15 0.2 0.25

Puc. 3 3mina koedimieHTa 3MilHEHHSI apMaTypHOT cTai
3aJI€XKHO BiJl IBUAKOCTI 3MiHU AedopMartiit
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600

Jya
500 ——— 4-500——
L
——— | — 4
» AR A-400
/
A-240
300
| —
/
200
100
gcl
0
0 0.05 0.1 0.15 0.2 0.25

Puc. 4 3anexxHicTh MeXi TEKY9IOCTi PU TUHAMIYHUX BILTUBAX £
Yo

BiJl IBUIIKOCTI 3MiHH Jedopmartiit ¢
3a OTpUMaHUMU MTapaMeTpaMu MePEBipSIETHCA YMOBa

ult
¥ oulr

Sxmo ymoBa (44) BUKOHYETHCS, TO BB@KAETHCS, L0 BHA 1 Kiac OeTOHY,
apMyBaHHS i TOBIIMHA KOHCTPYKLIl BCTaHOBJEHI BipHO. 32 HEBUKOHAHHS YMOBHU
(44) HeoOXimHO 30IMBIINTH TOBIIMHY 3aXWCHOTO TOKPUTTS Ta TOBTOPUTH
PO3paxyHOK.

BucHoBok. Po3po0ieHi Ta BCTaHOBJEHI OCHOBHI pPO3PaxyHKOBi 3aJ€XKHOCTI
po3paxyHKy 3axucHMX QopTudikaiiiHux cnopya nii BorHemaabHOi 30poi.
3anponoHoBaHa METOAOJIOTIS PO3paxyHKy TaKUX THITIB 3aXUCHUX CIIOPYI.

mvfﬁ%hnp+£M 1 L. (44)
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