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PO3OUIN €BPOKOAY EN 1993-1-8 MO BY3JIAM:

OCHOBHI MONOXXEHHS NO NPOEKTYBAHHIO

3’egHaHHA Ha bonTax, 3aknenkax i wrnudrax

3BapHi 3’edHAHHA

AHanis, knacudmkauis i MmogentoBaHH4A

Byanu cnpsXXeHHS KOHCTPYKTUBHUX eNeMeHTIB i3 4BOTaBpiB
By3nu cnpsXXeHHS eneMeHTiB 3aMKHYTOro npodqointo



TepmiHonoris

BY30J1 - obnactb nepetnHy OBOX 4u BinbLue
enemeHTiB. [lpn po3paxyHKy By3rnoMm € rpyna
BCIX OCHOBHMX KOMMOHEHTIB, HeooXigHWX Ons
onucy pobotu By3na npw nepefadi [Ail04mx
BHYTPILLHIX CUN i MOMEHTIB MiX 3€LI,HyBaHVIMI/I
enemeHTamu. Hanpuknag, Byson 3'edHaHs
Oanky 3 KOMOHOW CKnajaeTbCst i3 AiNsHKM
CTIHKM KOMOHW | ogHoro (Npu OOHOCTOPOHHIN
KOHdDirypauii BYy3na) S1% [BOX (npw
OBOCTOPOHHIN KOHQirypauii By3na) 3'egHaHb.

3'€OHAHHA - wmicue, y akoMmy Kpinnatbcs OBi
abo Oinbwe pgetani.  [Mpu po3paxyHKy
3'egHaHHSAM Ha3MBA€ETbCA rpyna OCHOBHUX
KOMMOHEHTIB, HEOoOXigHUX Ana onucy poboTu
3'eQHaHH4A y npoueci nepenadi BHYTPILWHIX cUn |
MOMEHTIB.




Tvnu By3niB

[1na BM3Ha4YeHHA BUNaaKiB, B AKMX NOTPIOHO BpaxoByBaTu BrivB
XapakTepy pob6oTu By3niB nNpu po3paxyHKy, HeObXiaHO PO3Pi3HATH
Tpu mogeni By3niB, (ansucb EN 1993-1-8):

— WapHipHY, Ans 9Kol MOXHa npunycTuTu, WO BY305 He nepenae
3rmHanbHi MOMEHTW;

— XKOPCTKY, OJ19 KOl MOXHa NPUNYCTUTK, WO XapakTep poboTu By3na
He BMSiMBa€ Ha pPo3paxyHok;

— HaNiBXOPCTKY, A5 KOl xapaKkTtep pobdboTu By3rna HeobxigHo
BpaxoByBaTu Npu po3paxyHKax.
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EKCNEPUMEHTAABHO OTPUMAHI TPAPIKN M-

Semi-rigid

“Flexible|

Rotation ¢

>

3
’= e84
e
- ® ' 7
I ==
| 15
-
R ‘
1) Fully welded
2 Extended end plate

3 Top and bottom flange splices
4 Flush end plate
5 Flange cleats and web angles

(6 Flange cleats

7' Double web angle

HeobxigHO namMm’aTaTm:
e 3BapHi WBU — HenoaaTnuel,
* abonTtn — He € «NPYXUHaAMUN»




XOPCTKICTb BY3JlIB

Mae€ 3HaYvYHU BNmMB?

He BpaxoByBaT po3paxyHKOM |

BpaxoByBaTtn po3paxyHKOM

LLlapHipHUn =

iaeanbHO
LUAPHipHUN

>KopcTkmn =

iaeanbHO
XXOPCTKUMN

HanisXopcTknn =

BpaxoByBaTu
XXEeCTKOCTb

J J J

B uinomy, 4onycKkaeTbCa HEXTYBATU BNSIMBOM
3rAHO EN 1993-1-1 XapakTepy poboTu By3niB ... 0OgHaK npu ix
3Ha4YHOMY BMJIMBI Ha XapakTep poboTn (Hanpuknag
LB HaniBXXOPCTKI BY3nK) Le cnig BpaxoByBaTu



Knacudikauisa sysnis EN 1993-1-8

Byson MmoXxHa knacugikyBaTtn Ha OCHOBI
eKcnepuMeHTasribHMX gaHnx, NO3UTUBHOMY AocBiay

eKkcnnyarauii aHanoris, 4u 3a pesynsrataMmu po3paxyHkis,
3aCHOBaHUX Ha pe3ynbratax BUnpodysaHb

Hecyua 3gaTHiCcTb By3na 3anexuTb Big HeCcy4oil 34aTHOCTi MOro
KOMIMOHEHTIB
* Ak npaBuno — 6onTn, 3BapHi LWBKU, NNACTUHU

+ Lykaemo «Hancnabwe micue"

g ST TR ~ o =




MiuHicTb enemMeHTIB

+ 3aBXaW 3aCTOCOBYHOTb BiAnoBiAHMN YACTUHHUI KoeiLieHT
HadiMHOCTI, v

... 'y BignosigHocrTi i3 HauioHanbHUM gogaTkom

lNpun 3acTocyBaHHI NpunyLWeHb WOAO0 PO3NoAiny BHYTPILWHIX 3yCUTb:
 Mpunyctumi gedopmauii maoTe OyTHN peaniCTUMHUMN

* Npunyctummn po3noain 3ycusib Mae BpaxoByBaTW CNiBBIgHOLWEHHS
XXOPCTKOCTEN




YacTkoBi koedilieHTU Oe3nekn ansa

Tabnuusa 2.1 ) _
3’eaHaHb - PekomeHOoOBaHi 3HAYeHHSA:

onuc

HECYYA 3AATHICTb EAEMEHTIB TA NOMNEPEYHUX MEPEPI3IB

HECYYA 3AATHICTb BOATIB

HECYYA 3AATHICTb 3AKAENOK

HECYYA 3AATHICTb LUTUPTIB

HECYYA 3AATHICTb 3BAPHUX LUBIB

HECYYA 3AATHICTb NAACTUH HA 3MUHAHHA
HECYYA 3AATHICTb HA 3CYB

Y TPAHUYHOMY CTAHI 3A HECYYOIO 3AATHICTIO (KAAC TOYHOCTI
C)

Y TPAHUYHOMY CTAHI 3A EKCNAYATALLIAHOKO MPUAATHICTIO (KAAC
TOYHOCTI B)

HECYYA 3AATHICTb IH'€EKLLIAHUX BOATIB HA 3MUHAHHS

HECYYA 3AATHICTb BY3AIB $EPM I3 3AMKHYTUX MPO®IAIB

HECYYA 3AATHICTb LUTU®TIB Y TPAHUYHOMY CTAHI 3A
EKCMNAYATALLIMHOIO NPUAATHICTIO

NONEPEAHE HANMPYXEHHA BUCOKOMILHUX BOATIB
PO3PAXYHKOBUM ONIP BETOHY

NO3HAKA
Imor Im1 TA Qo

AMB. EN 1993-1-
1

Om2

Om3
OM3,SER

Om4
Oms

O Mé6.SER

Om7
dc. AUB. EN

1992

3HAYEHHA
1,25

1,25

1,25
1,1
1,0
1,0
1,0

1.1
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IH’eKkUinHi bonTn
. Annex K: Hexagon Injection bolts of BS EN 1090-2:2008.
Note : There is a standard procedure to produce hexagon injection bolts in

ECCS 79* and BS EN 1090-2:2008. . =
455 mmﬁ_r? | I%I: —_—
g32mmh] S | o=
Injection hnle\ Chamfered washer ¥ Eram i N | 5: |
Resin : =
I 1- P L] < %i
—_— & =2
i 0 s . —
| — —
;r A X 50 -
] ‘/ /l — X 40 -
= 30 -
Air escape groove in the washer § 20 {
107,
*IH’eKUinHi 6ONTU MOXYTb 0 D: —
3aCTOCOBYBAaTUCS SIK anbTepHaTMBa 00 05 10 15 20 25 30 35 40
o , Slip at top bolt {mm)
3BUYaHMM OGonTam Ta 3aknenkam y 3’eal-
HaHHAX TMniB A, B ta C (3.6.2) % 5
Resin Test3 | M16 | 18 mm | RenGel E‘“"f" E‘“"'].("
injected SW404 g0 : 0
bolts % 20 | | G20 {,
Test4 | M16 | 18 mm | Sikadur-30 e | Wl
| 1
o L, 0 43

00 05 10 1.5 20 25 3.0 35 4.0 00 05 1.0 15 20 25 30 35 4.0
Slip at top bolt (mm) Slip at bottom bolt (mm)

Mote : Bolts tightened to a bolt torque of 88 N.m,
using tension formula given in Smith et al®. Specimen with M16 bolts, 18 mm holes and Sikadur-30 resin



KaTeropii 3'egHaHb

Taonuusa 3.2 Tunu 6ontToBUX 3’eAHaHb

Tunnu Kpuarepii | IIpaMiTkH
3’eaHaHEdA, M0 OPaANKIOTE HA 3CVE
A F . ,<F . Ilomepenne Hanpyv:xeHAd He moTpioHe. MosyTs
3pizHe 3’caHAHHESA 3ACTOCOBVBAaTHCH D0aTH Kaacie 4.6-10.9.
E.-:Ed < F, b Rd
B F < F Crin  3acTOCOBRVEATH WONepedHBO HANPVEEH]
P pHKmiiHe 3’cIHAHHEA v Ed zer s i zer ooaTH k1acie 5.8 aoo 10.9.
YV rpaHHYHOMY CTaHi 33 F . =2F o, Hecyua 3gaTHICTE Ha NOpPOKOB3VEAHHA B
eKCILTYVATANIAHOK ' ' rPaHAEYHOMY  CTaHI  3a eKCILTYVATAMIAHOI
OPHIATHICTIO E.':Ed = F b, Rd OPHIATHICTIO EH3IHAYACThLCH 3a 3.9
C F __.<F Crhin 3acTOCOBVEATH WONepedHBO HANPVEEeH]
@ puxmiiae 3’¢IHAHHEA vEd s.Rd ooarr kracie 8.8 adbo 10.9. Hecvua amaTHicTs Ha
V rpaHH4YHOMY CTaHi 33 F o1 S o, NPOKOB3VBaHHA B IPAaHHYHOMY CTaHI 33 HECVYIO0H
HECVHO0I0 3MaTHICTHO ' ' 3TATHICTI0 BH3HAYaeTheA 3a 3.9, N,y — aHE.
Foea=Nor 3.41(1) ®)

3'enHaHHA, 0 OPAMITE HA POITAT

D F_<F Ilomepenne manpy:xenas He moTpioae. MoxyTs
3 eananna Oes monepeIHLOrO t.Ed t.Rd 3aCTOCOBYBATHCH DOJITH KJIACIB
HaTArY 00.ITIB F = Bp.Rd 4.6-10.9.
B, s BH3HA9AETRCA 32 Tabannerw 3.4
E F_ <F Coa 3acTocOBYEATH MNONEPeIHLO HANPYV:KEH]
3 ennannna t.Ed t.Rd ooaTH kaacie 8.5 aoo 10.9.
3 momepeHIM HATATOM DOITIE F = Bp.Rd B, ,; BH3HAYACTRCH 3a Tabaunero 3.4

PospaxyHkoee pO3ITATIVBAJIbHEe 3VCHLIA [;,y NOBHHHO BKIIYATH MOAIHBE 3YCHILIA BIIPHBY BHACTIIOK
edpextv Baxkens, aue. 3.11. Boarn posTArveaasHoOro 3vcHLIS 3CVEY PazoM i3 POITHAIVEAILHHM 3VCHLIAM,
NOBEHHHI TAKO0 3aJ0B0JILHATH VMOEBH, HaBedeHl v Tadaami 3.4




3'eAHaHifA, WO NpauloTb Ha 3Pi3HY NonepeyHy cuny

Tunn |

Kpurepii

| IlpaMiTkH

O puxmiiige 3'cIHAHEA
vV rpaHAEYHOMY CTaHI 3a
eKCILTVATAMIHHOI0

NPHIATHICTIO

3 eaHaHHA, 0 DIPANKITE HA 3CVE

u

Foea=F, 5y

‘F:.-:Ed < ‘F:.Fd

‘F:.-:Ed = F b, Rd

[ToBUHHI BigMoBIOaTH
BMMOram Ha 3pi3 |
Ha 3MUHAHHS

" X 3

rpaHHaYHOMY cTaHl 3a eRCILTYaATAMIAHO 0
NPHIATHICTH BEH3HAYACTLCH 3a 3.9




Bontun

» Knacu MiyHocTi:

- 4.6, 48,56 5.8, 6.

HoMiHanbHi 3Ha4YeHHA MeXi TeKy4ocCTi fyb Ta rPaHM4YHOI MiILHOCTI Ha
po3sTtar f , 6onTiB

Kaac

MILHOCTI 4.6 4.8 5.6 5.8 6.8 8.8 10.9
60oATO

f,p, H/MM?2 240 320 300 400 480 640 900
fup, H/MM? 400 400 500 500 600 800 1000

4

3.1.2. Ak nonepeaHbO HaNpPYy>XeHi 60NTU MOXYTb
BUKOPUCTOBYBATUCSA TifIbKn 60Nt Knacie miyHocTi 8.8 Ta 10.9




bonTtu, Wo npaurooTb Ha 3pi3

Hecy4ya 3gaTHicTb OONTiB Ha 3pi3:

o ¥ ) A fub = 400 H/Mm2 ona knacis 4.6
—_v U , roe = 800 H/mMm2 ons 8.8
v,Rd
VM2
BonT 3 YacTKOBUM
Pi3bLONEeHHAM ; 3B
A = nnoua 6pyTTO,
KONW NNoLLMHa 3pisy av=0.6 - 2

N
A

NpoXoanTb Yepes
YacTuHy bornTta bes3
Pi3bONEHHS

BonT 3 NOBHUM av= 0.6 : n
gibGﬂeHHﬂM ansa kn.4.6,5.6,8.8 %%
= nnoLa, sika npautoe, p— @
KOnu nriowmnHa 3pisy _
NpoXoauTb Yepes yacTury ' ~ 0.5
bonTa 3 pi3abbrieHHAM nns kn.4.8,5.8,6.8, 10.9

K
i

=
% ]




bonTtu y 3'eaHaHHAX i3 HaKNagKkamu

* Haknapgku gonyckarTb 3rmMH, TOMY Hecyda 34aTHICTb Ha 3pi3 Mae
OyTn 3KOperoBaHa MOHWKYOUUM KOeiLiEHTOM [3, KOnu TOBLUMHA
nakeTy Haknagok > d/3:

KoedilliEeHT NOHUXKEHHS 9d

o= 8a+at,

\\

15 25 35 45
TOBLUMHA HAKAQAKHK (MM)

[

—

Koediwi€eHT NOHMXEHHS
o O O O
OO N M O~ 0

O



BonToBi 3’eAgHaHHA Npu poOOTi HAa 3MUHAaHHA

Hecy4a 3gaTHiCcTb 3’eAHYBaHUX eJIeMEHTIB Ha 3SMUHaHHA (T.3.4.):

u\ "k d, a He d,

Me>xa MILHOCTI

. NNacTUHU FEdi %2,
3anexuTb Bif e, |
Li&
3anexuTsb Big : B ) Po.sa ,
1- el M pl i o 1
2. BinbyBaeTbCcst aMUHAHHS ® @
NracTuHU (siK NpaBusio) abo
bonTta P P
f

o b
ay - HAUMEHIIE 3oy, — - TA1,0

f

u




KoHcTpyroBaHHA

MiHiManbHi Ta MaKkcumarnbHi 3HaYeHHSA KPOKY,

BiACTaHeW [0 Kpalo efieMeHTa

KOHCTPYKLLI, BUTOTOBAEHI 3i CTAAEM, KoHcTpyKuii,
LLLO BianoBiAatoTb EN 10025, OKpIM CTOAEM, LLLO | :llliengiel: o) (=il les fe [ =1 7)
BianoBiaatoTb EN 10025-5 LLLO BiAMOBIAQIOTb
EN 10025-5
CTaAb, CTaAb, CTaAs,
Lo nepebyBae O He nepebyBae LLLO BUKOPUCTOBYETHCH
MiA BNAMBOM MiA BNAMBOM 6e3 NoKpUTTA
armocdoepHol abo atmocgoepHoi abo
iHLLIOT KOpO3il iHLLIOT KOpO3il
1,2D, 4T + 40 MM

Tabnuusa 3.3

MiHIMAQABbH
BiacTaHi e

TA Kpoku, 3HOYEHHS
AUB. PucyHok 3.1

1,2D, 4T + 40 MM

1,5D

1,5D

2,2D,  MIN (14T, 200 MM) MIN (14T, 200 MM)

MIN (14T, 200 MM)
MIN (28T, 400 MM)



KoHcTpyroBaHHA

1) MakcuManbHi 3Ha4YeHHA KPOKY, BiAcTaHen fo Kpalko Ta KPOMKU eJfieMeHTa He oOMeXxeHi, OKPp
HAaCTYyNMHUX BUNagKiB:

— ANSA CTUCHEHUX efieMEeHTIB 3 MeTOK YHUKHEHHS1 MicLileBOI BTPaTU CTIMKOCTi Ta KOpo3il
He3axXULLUEeHUX eJfIeMEeHTIB;

— ANA PO3TArHEHUX efleMeHTIB, He 3aXULLEeHUX Big KOpoa3ii, 3 MeTOK YHUKHEHHS 1T BUHUKHEHHS.

2) Hecyu4y 34aTHICTb 3a MicLLEBOIO CTIMKICTIO CTUCHEHUX NMACTUH Ha AiNfAHKaX MiX KpinunbHUMU
aeTtansimMu cnig Bu3HavaTtuy 3a en 1993-1-1, npunmaroum pospaxyHKoBY AOBXUHY piBHOKO 0,6p;.
MNepeBipka micLueBOI CTIMKOCTI MiXK KpPinUNbHUMU AeTansAMM He NOTPiOHa, AKWO BigHOLWEHHSA P4/t
MeHwe 9 &. BigcTaHb A0 Kparo enneMeHTa ynonepek 3ycusnns He NoOBMHHA NepeBULLyBaTU BUMOr
A0 MicLueBOro BUrMHy A BUCTYNar4YnMx CTUCHEHUX enemMeHTiB, aguB. En 1993-1-1. Lli Bumoru
He PO3NOBCHOAXKYIOTLCS Ha BiACTaHI A0 Kpalo erieMeHTa B34O0BX 3yCUINA.

3) t — TOBLUMHA TOHLLOIO 3 30BHILUHIX eleMeHTIB, Lo 3’€QHYIOTbLCH.

4) oOMeXXeHHS 3a po3MipamMu gns oBanbHUX OTBOpIB HaBefeHi B cTaHAapTax, Ha AKi
nocunakrTbCca, rpynu 7 (ame. 1.2.7)

5) npu po3MilLleHHi paAiIB KpinuNbLHUX geTanen y
LULaXOBOMY MOPSAAKY, MOXXHa NpUmMMaTH
MiHiManbHe 3Ha4YeHHA KPOKy p, = 1,2d, 3a
YMOBM, WO MiHiManbHa BiacTaHb | MiX OyAb-
AKUMUN CYMDKHMMMU OTBOpPaMUN CKnagae€ He
MeHwe 2,4d,, auB. PucyHok 3.1 (6).




€, P16
A) Y HANPSIMKY MEPEJAMI
HABAHTAXEHHS
0N KPAMHIX BONTIB e €l
4= e, =1,2d, | 2 J
3d, p.=22d, 1
E'I
_p 1 e,=1,2d, ——
ONA CEPEQHIX BONTIB o, = ————
0 4 p, =244,
285 17 28129 _47 1,66
d, d,
B) NEPNEHAMKYNSAPHO 10 HAMPAMKY k =min 14 Bu=17 - min 14 255 ~17} - mn 11661 - 160
NEPEOAYI HABAHTAXEHHS Ny y .
ONA KPAAHIX BONTIB “' " -
e
K, - HAMMEHLIE 3 2,8—2%-17 TA 25
= d0 Outer bolt
ET ? 7]
o, = = = 0,400 k a,dtf, 166-0400dtf, dtf,
b 3 d 5 3 d o Fb:R.d = o = o = 0,664 -

ansA CEPEQHIX BONTIB

§ P
K, — HAMUMEHLLE 3 1,4d—2—1,7 TA 2,5

P,
° 3d

o

Inner bolt

e

224,

~0.25= ~0,25=0483

ka,dtf, 166-0483dtf,

I_f
o ¢ M2

1
4 M2

- 0,802

dtf,
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Npynu 6onTiB

o .
Hecyya 3patHicTb 6aratobonTtoBoro
3'eAHaHHA

~ /\

= ¥ Hecyuux 3gaTHoCTe Ha =N x MiHiManeHa Hecy4a
3MUHaHHA (FKLWO Hecyya 3AaTHICTb (y BCIX IHLUMX
3AaTHICTb Ha 3pi3 NepeBuLLYyE BCI BapiaHTax)

Hecydi 30aTHOCTI Ha 3MUHAHHS)

A 4
. 4

(Poagin 3.7)



Po3paxyHOK Ha po3puB (BUPUB)

Po3pus (BupuB) By3na BUHMKAE BHACNIQOK 3CyBY psay abo rpynu
GonTiB y340BX MOBEPXHi 3CYBY rpynu OTBOPIB, WO Cynpo-
BOO)KYETbCSH PO3PUBOM Bif i1 pO3TAryBanbHMUX 3yCUnb Y300BX NiHil
BGonToBMX OTBOPIB HA NOBEPXHI po3Tary rpynu donTis (3.10.2)

PynHyBaHHA 3pi3y PynHyBaHHsA po3Tsry
8y By
p‘%% r I
] A Y Y e ¢ 1+
T 875 T é
' *PO3TArHeHnn ognHOYHUI KYTUK, NpK-
KpiNfieHMNn OgHIED NONNLIED OOHUM PAOOM

oonTiB --- ABOMA bonTamum:
*[Mpun nepegadi 3cyBHOro 3ycunmnsa Ha CUMETPUYHY rpyny

f
bonTiB 6e3 eKCLUEHTPUCUTETY Nu,Rd = ‘BZAM -
Twm2
Vo ,o.o=FfA [y, +@Q/J3) f -A [
et v = Tuhye Yz + )y A o Kpok p, <25do 25,0do
*i3 eKCLeHTpUCUTETOM B, NPU ABOX
2/ 04 0,7
V., =0,5FA Iy, +1/J3) 1, -A Iy ST
eff ,2,Rd > Tuthte ! im2 y "’ iMO B3, Npu TPbOX
: Ta GiAbLLe 0,5 0,7

6oATAX




3'eQHaHHA, WO NpaLlooTbL Ha po3Tar

Tabnuuga 3.2

3 enHaHHA. N0 DIPANKNIOTE HA POITAT

D F_<F Ilonepenne Hanpy:keHAA He moTpioHe. MoxyTe
3 eanannn Oe: nomepeIHLOro t.Ed t.Rd 3ACTOCOBYEATHCH DOJITH KJIACIE
HATATY DOJTIE F o< Bde 4.6-10.9.
' ' B, BH3EAYaETELCA 33 Tabanmero 3.4
E F_<F Caing 3acTOCOBVEATH NONEPeIHLD HANPVEEeH]
¥ eaHannn t.Ed t.Ad 00aTH K1acie 8.5 adoo 10.9.
3 momepeaHIM HATATOM OOJITIE F o, = BP.M B, ;s BH3Ha49acThCA 3a Tabaanero 3.4

Po3zpaxyHKoEe pPOITATVEAILHE 3IVCHILIA f;,; DOBHHHO BKIKYATH MOAJIHEE 3VCHILIA EBIIPHEY BHACTIIOK

OJITH POSTATVEAILHOIO 3VCHILIA 3CVEY Pa3zoM 13 POITATVEAILHHM 3VCHLIAM,
3aJ0B0JLHATH VMOEH, HaBeeHl v Tabaum 3.4

Hecy4ya 3paTHICTL:

k2 fub As

Firg = k, = 0.63 ang 6onTa i3
| VM2 NPUXOBAHOIO rOMiBKOIO

k,=0.9




3ycunna BigapuBy (edekT Baxens)
3.11 3ycunns BippuBy
KpinunbHi getani, Wwo cnpunMarTb po3TAryBaribHe 3yCunngd, cnig nepesipsaTn Ha

[it0 JOAAaTKOBOrO 3yCUINs BiapuBY, SKLLO BOHO MOXE BUHUKHYTMU.

[MPUMITKA. lNpaBuna po3paxyHky, HaBefeHi y 6.2.4 (EkBiBaneHTHUN T-

nogibHMIN eneMeHT, Lo Npautoe Ha po3T4Ar), Y HesABHIN hopMi BpaxoByOTb

3ycunns sigpuey |
FT,Rd

|
0,5 FT'Rd 0.5 FT.R
vevs Pyvey
e T l

YT N YT
o — ol
e o > :
dw o dw Q BaxinbHe
1 | | 1 I
n i m b om 4 o syeunna Q
re g Lol -t st




BaxenbHi 3ycunns

Hecy4a 3gaTHicTb 60nToBOro 3'egHaHHsa (BKMOYHO 3 bontamu 3
NpuxoBaHoo rosiskoro Ha 90 ° ) NoBMHHA BpaxoByBaTWU BaXerbHi
gycunna. ACTY-H b EN 1993-1-8 He BKIt04a€e KOHKPETHUX NpaBun i3
BU3HAYEHHA BaXkenbHNX 3ycunb. OgHak, IX onocepenkoBaHo
BPaxOBYKOTb NPMHUUNN 3aKnageHi y poaain 6.2.4 ACTY-H

b EN 1993-1-8.

BakenbHi 3ycunng BUHUKaKOThb Y PO3TArHYTUX 3'egHaHHAX. Po3ain
6.2.4 ACTY-H b EN 1993-1-8 pnae niaxig, Sknuin BpaxoBYye BaXKErbHi
3ycunns.



Hecyya 3gaTHiCTb Ha npoaaBnOBaHHA

|3 Tabnuui 3.4:

B

pRd — O:6ndmtp fu /YMZ

* d,, — cepegHin po3Mip Mi>K ToOMKaMM NNackux OiNAHOK HAMMEHLLOI i3
ranok 4u roniBok 6onTis

CymMicHa gisa po3Tary i 3cyBy

13 Tabnunui 3.4

F\"Ed + F!.Ed S1,0
Fira 14Fipg




3'eAHaHHSA i3 nonepenHiMm HaTArom

* BUKOPUCTOBYIOTLCA SK KpanHA Mipa
 [ligrotoBKa i 3aXUCT NOBEPXOHb TEPTS € HEAELLIEBMMU 3ax0JaMU
+ 36inbLUye BapTiCTb MOHTaXy

* BukopucrtoByroTbeA :

* Akwo Tpeba 3anobirtv NPOKOB3YBaHHS, HANpuknag, B MOHTaXXHUX
CTUKaX, AKi CpUUMaloTb MOMEHT

* [Npn HasBHOCTI Bibpauin Ta IHWNX AUHAMIYHNX HAaBaAHTa)XEHb

Hatar F,.=0,71, A




3'eAHaHHSA i3 nonepenHiMm HaTArom

BonTH i3 KOHTPONeM KPYTHOro MOMeHTa
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3'eAHaHHSA i3 nonepenHiMm HaTArom

Kateropusa B — ppukuinHe 3'egHaHHSA B rpaHMYHOMY CTaHi 3a
eKkcnsiyarauinHow nNpuaaTHICTIO

Fy easer = Fi paser CregyeT npumeHATe bonTel knacca 8.8 unu
10.9 ¢ npeasapuTEnbHLIM HATHHREHHMEM.
Fren = Fna
F e < Fos Hecyw@aa  cnocobHocTs  Ha  cOBWP

KOHTaKTHLIX MOBEPXHOCTEW B MNpefaenbHOM
COCTOAHWM no IKCMNYATaAUMOHHOK
NPUroaHOCTA onpeaenaeTca no 3.9

Hecyya 3gaTtHicTb 3'egHaHis, aK PPUKLIMHOIO, NepeBIPSETLCA Ha
HaBaHTaXXeHHS NS rpaHUYHOro CTaHy 3a ekcnsiyatauiHo
npuaaTHICTIO

Hecyya 340aTHICTb Ha 3pi3 NepeBIPAETLCH HA HaBaHTaXXeHHA angd
rPaHNUYHOro CTaHy 3a HECYYOl0 30aTHICTHO

Hecyya 340aTHICTb Ha 3MUHAHHSA MepeBIPpAETbLCA Ha
HaBaHTaXXeHHS NS rPaHMYHOro CTaHy 3a HECYYOK 30aTHICTHO




3'eAHaHHSA i3 nonepenHiMm HaTArom

Kateropusi C — dpukuinHe 3'eqHaHHS B rpaHUYHOMY CTaHi 3a
HeCy40l0 30aTHICTIO

Fiea < Fira CnegyeT npuMeHATL BonTel Knacca 8.8 unu
10.9 ¢ npenBapuTENEHLIM HATKEHHEM.
Hecywan CNoCcobHOCTE Ha COBMI

Foes = Nory KOHTAKTHbIX MOBEPXHOCTEA B MPEAEnbHOM
COCTOAHMKM MO  Hecywel cnocoBHoCTH
onpepenaeTcano 3.9.

Noes rg— cM. 3.4.1(1) B)
Hecy4ya 3gaTtHiCTb 3'edHaHisi, Kak PpUKLINHOIO, NepeBIipAETLCA Ha
HaBaHTaXXeHHS AN rPaHUYHOro CTaHy 3a HECY4Ooro 34aTHICTHO

Hecyya 34aTHICTb Ha 3MUHAHHS NepeBIPAETLCA Ha
HaBaHTaXXeHHS AN rPaHUYHOro CTaHy 3a HECY4Ooro 34aTHICTHO

[lepeBipka 3’egHyBaHMX efieMeHTIB Mo Mol nepepisy HETTO

K Ed = Fbﬁ'ﬂ'

¥




Hecyya 3patHicTb ppuKLiNHOro 3'¢egHaHHA

T.3.6.

K.Npt
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Onuc k
BOATHU, BCTAHOBAEHI Y HOPMAABHI OTBOPU 1,0
BOATHU, BCTAHOBAEHI B OTBOPU 3 BEAUKMM 3A30POM ABO Y KOPOTKi OBAAbHI
OTBOPU NPHU NEpeAaqi HOBAHTAXEHHS NEePNEeHAUKYASSPHO AO 0,85
NO3AOBXHbOI OCi OTBOpPY.
BOATH, BCTAHOBAEHI Y AOBFi OBAAbHi OTBOPM NPU NepeAai 0.7
HABAHTAXXEHHS NEePNeHAUKYASIPHO AO NMO3AOBXHbLOI OCi OTBOpPY.
BOATH, BCTAHOBAEHI Y KOPOTKi OBAAbHi o:rBopu npu nepeaadi 0,76
HABAHTAXXEHHA NAPAAEABHO NO3AOBXHIU OCi OTBOPY.
BOATH, BCTAHOBAEHI Y AOBFi OBAAbHIi OTBOPU NPU NepeAai 0,63

HAOBAHTAXKEHHSA NAPAAEABHO NO3AOBXHIN OCi OTBOpPY.




Hecyya 3paTtHicTb ppuKUiNHOro 3'¢egHaHHA

Tabnuuna 3.7 3HavyeHHA KoedilieHTa TepTa Ans 60ONTIB i3 nonepeaHIiM HaTArom

KAac noBepXxoHb TepTS (AMB. CTAHAQPTU, HO 9Ki MOCUAQETbCH KoedoiuieHT
royna 7 (amve. 1.2.7) TEPTI W
A 0,5
B 0,4
C 0,3
D 0,2
[MPUMITKA 1. BUMOTn AC BUNPOBYBOHb HOBEAEHI Y CTAHAQPTAX, HO 8Ki MOCUAQETLCH lns.
royna 7 (ams. 1.2.7). NMPUMITKA 2. KanacmdoikaLs 0BpobKmn BYAb-AKMX IHLLIMX EN 1090-2-1

MNOBEPXOHb NMOBUHHAO OYTM 30CHOBAHA HA PE3YALTATAX BUMPOOYBAHb 3PA3KIB
MOBEPXOHb 30 MPOLLEAYPOIO, BUKAQAEHOIO Y CTAOHAQPTAX, HA SKi MOCUAQETLCH
royna 7 (ame. 1.2.7). MIPUMITKA 3. BUHOYEHHS KAQCIB MOBEPXOHb TEPTH HOBEAEHI Y
CTOHAQPTAX, HA 8K MOCUAQETbCS rpyna 7 (ame. 1.2.7). MPUMITKA 4. O6pobaeHa
FOaPOOBAHA MOBEPXHSA 3 MAMHOM HYOCY MOXXE BTRATUTM NMOMNEPEAHIM HOTST.

Tabnuua 18 Knacudikadisi, ska moxe 0yTu NpUUHATA ANA NOBEPXOHb TepTS

O6paboTKa NOBEPXHOCTK Knacc K029 perma
[loeepxHocTM Nnocne gpobecTpyiHol AW neckocTpyiiHo obpaboTtw, Bes pwasumMHbl M pakoBuH A 0.50
MNoeepxHocTk nocne gpobecTpyiHoi MNK NeckocTpyiiHol oBbpaboTku: B 0,40

d) MeTannMavpoBaHHOE NOKPbITUE C aNKOMWHUEBBIM MM LMHKOBbIM HanblIEHUEM
b) Nako-kpacounoe NokpbITHE CUMAMKATaMM LWENOYHbLIX METANN0BE (LMHK) ToAWWMHOH
o1 50 no 80 mum

MNoBepxHOCTH, CUMLLEHHBIE METATMYECKMMM WETHAMW WK TOpenkoi, Bes piaBurHbl U TPAsK C 0,30

MNpoKaTHBIE MKW aHANOTHYHBIE NOBEPXHOCTH D 0.20




3BapHi 3'eagHaHHSA

* HanbinbLl NoWwWrpeHMU € KyTOBI LLUBWU 3 KATETOM 6MM i 8 MM

* 3BapHi WBMK :
- KyTtoBi (ona 3'egHaHHAa getanen, 3saproBaHi NOBEPXHI SIKNX
po3TawoBaHi nig kytom Big 60° go 120°)
« CTuKoBI (3BapHi 3'egHaHHS i3 NOBHUM MPOBapOM, AKLLO MO BCIK
TOBLUMHI 3'€dHaHHS 3abe3neyeHa rmmbuHa nposapy i 3nnaBreHHs
MeTany LBa i3 OCHOBHUM MeTasnom).

Convexity
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Mpouec 3BaproBaHHA

Bumoru woao keanidikauii 3saproBasibHMKa i3 BiANOBIAHUM piBHEM
NiOroTOBKMW :

* [1onoxeHHs,

* TexHornoris,

* Twun 3BaproBaHHS

[TOTPIOHMIN KOHTPOSTb TEXHOSOrIT BUKOHAHHA OS5 MiHiMi3auil pu3uky
YTBOPEHHSA TPILLNH

« KoHTposnb ByrneueBoro eksiBaneHty (CEV)

» KOHTpOsib 3aranbHOI TOBLUMHU (TENSTONOrNIMHAHHSA)

* |3 TOYKM 30pYy TEXHOSOrNYHOro NPOLECY, 3BaproBasibHNX
mMarepianis, NepeMiHHNUX NapameTpiB peXxXnMy 3BaproBaHHS (cuna
eNeKTPUYHOro CTpyMy, Hanpyra, LWBUOKICTb, NOMNOXEHHSA)



JoBXWHa 3BapHOro wBa

* Ak npaBuo, NpMMMaETLCA 3arasibHa AOBXWHA WBa 3a BigHIMaHHAM
BENMUYNH NOro BUCOTHK (a) 3 000X KiHLIB (NOYaTOK i KiHELb — MICLS
BUHWUKHEHHSA HEOCKOHanoCTeN)

(1) PospaxyHKoBY OOBXWHY 3BapHOro wsea | cnig npyunmMmatin piBHO
[OBXMHI, NPOTArOM SIKOT LLOB € NMOBHOPO3MIPHUM. [T MOXXHa
NPUNHAT PIBHOKO NMOBHIM JOBXWHI WWBA, BiAHABLUIW NOro
NOoABOEHY PO3pPaxXyHKOBY TOBLUMHY a. SHUMXEHHSA PO3paxyHKOBOI
OOBXMHW 3BapHOro LWBa He NoTpebyeTbCsa 3a yMOBY, LLO 3BAPHUN
LLIOB € MOBHOPO3MIPHUM MO BCil1 MOro OOBXWHI, BKINKOYAOYM NOYaToK
Ta KiHeub LBa.

(2) 3BapHWIN KYTOBUW LLIOB PO3PaxyHKOBOK OOBXMHOK MeHLwe 30 MM
abo MeHLle 6 TOBLUMH 3BapHOro LBa (BpaxoByeTbCA OinbLue 3 Unx
3Ha4yeHb) He € HECYYUM LLBOM.



Hecyya 3gaTHiCTb 3BapHUX WIBIB

[pamMun meTon - sycunns, Lo nepeaaroTbcs 3BapHUM LLBOM
OAVHUYHOT OOBXWHW, PO3KNagatoTbCs Ha HACTYIMHI CKagosi:
naparesribHy Ta rnornepeyvHy BiAHOCHO NO340BXHbLOI OCi 3BapHOro
LLBA, @ TAKOX HOPMarsibHY Ta MornepeYvHy ckrnagosi 40 MOWUHN NOro
nepepiay. (4.5.3.2)

CnipoweHnn metog — n.4.5.3.3 Cranp | a
$235 | 0,37t
FW Ed < I:w Rd
’ ’ S355 | 0,45t

Fw,Rd = fvw.d a - BUCOTa 3BAPHONO WBA: gy

| _ S460M | 0,63t
f/ f, - mexa MiLHOCTI Ha
— O3TAr HAMMEHL MiLUHOT
fvw.d - ‘/g P . H
petani
ﬂwﬂ/m B, — 3anexuvTb Big Mapku ctarni:
=0.8ana S 235

=0.850naS 275
=09ana S 355



Hecyya 3gaTHiCTb 3BapHUX WBIB Nnonepek LwBa

[TonepeyHi 3BapHi LWBM pO3paxoBYHOTb AK NOBA30BXHI, 3

ypaxyBaHHAM KoeiuieHTy K

3

K =

(1+ 2 cOS? 6’)

PacueTHan Hecywas cnocobHocTb WBa

Katet BbicoTa Wwea ConpoTneneHue ConpoTtusneHue
wea BAO/Nb LWBA nonepek Wea
s a Fw,L,Rd Fw,'r,p.d

Mm MM KH/Mm KH/mMm

5.0 21 0.47 057

4.0 2.8 0.62 0.76

5.0 35 0.78 0.96

6.0 42 0.94 1.15

8.0 56 1.25 1.53

10.0 7.0 1.56 1.91

12.0 8.4 1.87 2.29

15.0 10.5 2.34 2.87

18.0 12.6 2.81 3.44

20.0 14.0 3.12 3.82

220 154 343 4.20

250 17.5 3.90 4.78

BelCcOTQ

AN $S275, S355



LLapHipHi 3'¢eagHaHHA

[1Ba LLMPOKO pO3NOBCIOAXKEHUX TUMNKU 3'€AHAHb
» OnopHun hnaHeub (Ha BCO BUCOTY abO YaCTMHY BUCOTW)
* Yepes pebpo

draHeLb Ha YaCTUHY BUCOTU BUKOHYIOTb, SIK MiHIMyM, Ha 60% B1coTu
nepepisy i NPUBapPIOKOTb TiNbKKU 40 CTIHKU

L PAQHLLEBI LUAPHIPHI BY3AU




LLapHipHi
BY3Nu 3
pebpom




By3nu enemeHTiB i3 3aMKHeHUX npoddinis

* lNepeBipkn 3acHOBaHI Ha cepiax BUNpodyBaHb
* EN 1993-1-8 micTuTh BIAMNOBIAHI pO3paxyHKOBI METOOMKU
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Bun

oTKa3a an OEeWCTBMK OCEBOM CHNbI

Mpw percTern warnGaroLwero MoMeHTa
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Tun ysna

Hecywas cnocobHoctb [i = 1]
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By3nu enemeHTIB i3 3aMKHeHUX npodinis

Ak npaBuno, MarTb HECYYY 30aTHICTb HUXKYEe, YAM eflleMeHTU
KOHCTPYKU,IT

* byab siknn NpoekT NoBMHEH nepeanbayatn peternbHuimm BuobIip
efieMeHTIB KOHCTPYKLiT Ta NepeBipKy BY3niB (He TiflbK1N enemMeHTIB)

B ineani — cnig BukopucToByBaTu nporpamMmHe 3abesnevyeHHs




3'eAHaHHSA efleMeHTIB i3 3aMKHeHux npodinis

» Po3nipHi 6onTtn Hollo abo
aHanoru

{|| JEVAMHCRES LW
/ [ \I| CTANbHOTOD
{ I Ul CTPOMTENLLY
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3'eAHaHHSA efleMeHTIB i3 3aMKHeHux npodinis

» [NpnxoBaHun 6ont

Cnia 3BepTaT yBary Ha
PO3TAr y CTiHUi!

MAKCUMABHAR TONLLWHA NAKETA |
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POBK:

MWH. TOMLAHA
MAKETA
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By3nu B’aizen

| ABQ LLUPOKO NOLUMPEHUX TUMM:

I ~ I

)
{ T-NoAIOHMI (TOBPOBMMN) 13 BpI3KOIO




I3 Bpi3Kkoro

+ Ak npaBuno, ans 6inblU BUCOKNX HABaHTaXEHb



T-noGigHe (TaBpoBe) 3'€¢AHaHHA




3'eAHaHHA KOMIMOHEHTOB Yy By3nax B’si3ey

» Po3paxyHkoBa LunpuHa

* 3BapHUU LLOB NEPEBIPAIOTb
Ha Win Oinayui

« CTiHKY Tpybun nepesipstoTb
Ha Win OinsHui



3'eAHaHHA KOMMOHEHTOB Yy By3nax B’si3ey

[TepoBipku dbaCoHKM:

* [Nepepi3 bpyTTO 3a MEXE TEKYYOCTI
* [lepepi3 HETTO 3a MEXEH MILIHOCTI

« MicueBa CTIMKICTb

bonToBi 3’eAHaHHA

* Ha 3pi3

 Ha aMmnHaHHS \



AAKYIO 3A YBAIY!

NMATAHHA?

YKPAMHCKHA UENTP
iAanOFO
POMTENLCTBA



