IMPLEMENTATION OF
EUROCODES
HANDBOOK 2

PYKOBOACTBO 2

MO UCNOJIb3OBAHMUIO
EBPOKOIOB
BA30BbIE MPUHLMMDI
KOHCTPYKTUBHOM
HAOEXXHOCTM

Bbl60OpPOUYHbIN
PYCCKMUM nepesoa

Pycckuin nepesoa — 75%
AHIMIMUCKUN TeKCT — 25%

ot 20.03.2015



Implementation of Eurocodes Handbook 2

COAEP)XAHME

rIABA I. OCHOBHBbIE MOHSATUS, CBA3SAHHbBIE C KOHCTPYKTUBHOW HAAEXXHOCTbIO 3[AHWUMA ..... 4
b I = 3 7= 1 T 4
b L=t Ty 1o =T =T T T T Tog o PO 5
C B = 7 1T o T o - 6
4. 3a0aUM MPOEKTUPOBAHMS .........oooiiiiiiiiiiiii ittt s e e e e e e e e e e e e e e e e e e e e e e e eeenees 8
5. MPaKTUUECCKMNE METOADI PACHETA......uuiiiiuunieiiiuretrneserrnarerrnterrneertrerrassernessrsaessrnsrsersssseennnanes 9
6. PacueT C YUHETOM ONMDBITHBIX JAHHDBIX ....c.uuuuiiiieererrnrssssssserrsnssssssessrenmnsmasssseremmmmereeerrererrr. 10
R0 - 114 1T LT =T PSPPI 11
(@017 Talo T 1 17 =] 0= 1 Y o PSRN 12
00030y C=T T 12
rIABA II. BA3OBbIE METO/1bl OLLEHKWN HAAEXXHOCTU KOHCTPYKLUMM I..........c.ovvcviiececeiina 14
b I = 3 7= 1 T 14
2. OCHOBHbI€ C/Ty4an HAAEMKHOCTU KOHCTPYKLIMM ...........uvviiiiieiiiiieiiiiineee e s s s ssssntaeee e e s s esssnnnneeessseenan 14
3. TouHoe pelueHne ANs ABYX CIYHANHDBIX MEPEMEHHDIX .........cciiiiiiiiiiiiiirsisasiesssessseessesssesseesssssssnns 21
G - 119 1o Y T T PPN 23
CTIACOK JTATEPATYPD 1utttruussrenunsssennssseesusssersssserssessrsnssssnnsssssenssseessssssensssssesnsesrensssssenseeennsseennseesersnessnnne 23
00Ty R 23
FNABA III. AMODEPEHLUMNALINA HAAEXKHOCTM......coeeuiieeunrmennsmsnsasnsssnsssssssssssssssnssssnsssnssssnssssnssnnnssns 24
T -] 1= 1 L 24
2. OCHOBHDIE 3/1IEMEHTDI HAEMKHOCT M a1 uutussasssssssssssssssssssssssss s ssssssssss s s sssssssssssssssssssssssssssssssssassannnss 24
3. PacuUeTHbIN CPOK CITYIKObl M HAZAEHKHOCTD 1uutresssssssnsssssnnsssssnnssssssnssssssnsssssssnssssssnssssssnnsssssnnsssssnnns 25
4. U3MeHeHne BEPOATHOCTU Pa3PYLUEHUSA CO BPEMEHEM ..cuurreurrsssssnsssssssssssssssssssnsssnssssnssssnsssnnssnnns 27
5. YacTHbI KO(P(PULMEHT CBOMCTBA MATEPMAIIA tuvrensssrrnnnssssmnnssssmnnsssssnsssssssnssssssssssssssnsssssnnnsssssnns 28
6. YacTHble K03(h(PULMNEHTbI COBCTBEHHOM HATPY3KM wuurrrnnsssrrnnssssmnnssssmnnssssssnsssssnnnsssssnnsssssnnnsssssnns 28
7. KnuMaTnueckue Bo3AeNCTBUSA U BPEMEHHDIE HATPY3KM .euuiirrrrmsssssssssssmmmsssssssssssssnnsnssssssssnsnnnnns 29
. [T PVIMEPbI cuteuieastasinasnassnssnsssnssnssssssnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssnssnnssnnsennns 30
O, BAKJTHOUECHMIC 1 1uuurnnssnnnssnnsssnssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssnsssnnsssnnnssnnns 31
CIMCOK JTATEPATYPD 1utttruuestenunsssenuesersusssersssssersssssessssssnnsssssnsnsseesnnssseessessernsaeesenseesenneeennnnseennseesersnessrnne 31
0] 740 (=] 1< PPN 31
rJ1IABA IV. MPOEKTUPOBAHWE COBMECTHO C NMPOBEAEHMEM UCTIbITAHUM ...............ococveverinnee 32
B - T=Y LT T PP 32
2. CTaTUCTUYECKOE ONPEeAEs/IEHNE OTAECIIBHOIMO CBOMCTBA .........cciiiiiiiiiiiissssssssssssesssesssesssesssssssssssnnns 35
3. CtaTucTnueckoe onpeaesieHne Moaenei Hecyleil CNOCOBHOCTM . ...........uuuuuiiiriiinnisnsssssseeseens 40
(@017 Talo T 117 =] 0= 1 Y o PPN 45
MpunoxxeHue A. MonyueHne YPaBHEHMUS (50)...........ooimiiiiiiiiiiiiiiiii e 45
0] 7 40 (=] 1< RPN 46
IJIABA V. OLLEHKA CYLLUECTBYOLUMNX KOHCTPYKLIMM ..........ocvceeiiiiecictees et 47
B - T= Y T T PP 47
2. O6LLAA CXEMA OLLEHKM .......ouuunnuiiiiiiiisssssssssssssssasssassassssssssssssssssssssssassssssssssssssesssansssssnnensesseeaananens 47
I T 0 13T 1= 1 LT = T T = 49
4, OCHOBHDIE MEPEMEHHDIC..........uiiiiuuiiiieairerrstrerrsserrsserseasrrntsrentternnteerrassersaesrrssassrnnssserennssens 49
5. AHa/IN3 PE3YJIBTATOB MPOBEPKM ......ccovvriuuiiiiiiiiiirtii s s e e s s s e e e s s s e rrraas 50
6. OLIEHKA KOHCTPYKTUBHOM HAMEMKHOCTM ......uuuuuuiiiiiiiiisiissssssssssssessssssesssesssssssesssesssssssssssssssssesssesnns 52
28 L0 Lo 7= o] T PN 53
8. OLleHKa NOBPEAEHHON KOHCTPYKLIMM ....coocoiiiiiiiieeeeessesistneeeeessssssssssseeesssssssssssssenessssssesssnssnenees 53
9. 3aKJ/IIOUEHMNE N OKOHYATEJIBHOEG PELUCHME ......covuniirrnriinnnssernnssssrssssersssasrssassrrnssssrnnnsssrnnnssesnnnnses 54
B0 G- 1T 1T T = PP 54
CIACOK JTATEPATYPD 1uttttuusrenusseenusseesussserssssersssssesnsssennssssnnssseernnsseennsesennsemesenmerenseeennsnreerneesernessrnn 55
MpunoxxeHne A. O6L1as cXxeMa OLLeHKUN CYLLECTBYHOLLMX KOHCTPYKLIMM ........cccvvvvviiernnennensrnnnnnninnnns 56
MpunoxeHne B. NMepepacueT BEPOATHOCTEM ........cccceeriiirreriaiireeesaiserasasseeessasesessassesessansesessasseessss 57
Mpuno)xeHne C. BaleCOBCKUIA METOA OLIEHKN KBAHTUITEM ..........cuvuiuuriruiimmiinnrmnmmmnnmmnnimnnnsnnmsnns 58
00030y 60



Implementation of Eurocodes Handbook 2

TJTIABA VI. MPUHLIUMDbI OLLEHKUM PUCKA ......cooieeinmennnenmnessnnnssmnassmnssssasssnnssssnssssssssnssssnssssnsssnnsssnnsssnnssss 61
B I -] 1= 1 LT 61
2. BbISIBJIEHNE OMACHDBIX (DAKTOPOB cevsssssnsnssssssssssanssssssssssssnssssssssssssssssssssssssssssssssssssssssssnssssssssssssnnns 62
3. OnpepneneHve n MoAeNIMPOBaHNE COOTBETCTBYHOLWMX CLLEHAPMEB wuuresresssassassssssassnnssnssnnssnnsnnsnns 63
4, OLLEHKQ BEPOSATHOCTEM truuuurrrnnssssnnssssssnnsssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssssnssssssnnssses 64
5. OLIEHKA MOCTICACTB MM uurenssrnnssrnnsssnssssnsssnnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssnssssnsssnnsssnns 64
6. OLLEHKQ PYCK taurnnsnnsssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssnssnnsnnssnns 65
7. JIOTNUECKME [LEPEBDS wuuruuusnssnssnnssnsssnssnssssssssssssssssssssssssssssssssssssssssssssssssssssnssssssassssssnsssnssnnssnssnnsens 65
8. BAMECOBCKAN COTD tuxrrrsnssssssssssnsnssssssssssnssnnsssssssssssssssssssssssssssssssssssssssssnsssssssssssssnssssssssssssnsnnsnsnssnns 68
9. TIPVHATHC PELUCHMM 11reeennnssssnsssnsnnsssssssssmnnsssssssssssssnsssssssssssssssssssssssssssssssssssssssssssnsssssssssssssnsnnnssnss 69
10. NoapaszyMeBaeMasi CTOMMOCTb NMPeAOTBPALLUEHNS PASPYLUCHMS wieeerirrsmnsssmssmsssssnmssssssnnssnsnnnnsns 70
11, SAKITHOUEHMIE wueeuurnnssnnnsssnssnssssnssssnsssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssssssssssnnsssnssssnsssnnssnnnsss 70
L3 17T o Q11 = 0= 1 7 o 71
Y CTIOBHBIE OOOBHAUEHMST . vvvvvvarsunrrsnssanssnsssnnssssssssssnsssssssssssnssssssssssssssssssssssnssnnsssnsssnsssnsssnnssnnssnnsssnsssssssnssnnns 71

NPUNOXEHUE A. OCHOBHbIE CTATUCTUYECKUE MOHATUSA Y METODBI ...ccvvvviiiieieeveneee s seeennnne e e ee e 73
I 521 11 1S 73
2. HACENMEHHOCTD M OOPABLIBI 1veverruuuueseserrerssussessssernnsssssesssersssssassssssesssssssessesennnssssssesssenmsnmanessessnnnnnnnens 76
3. BblbpaHHbIE MOAENM CITYUANHBIX MEPEMEHHDIX «eieiiiiesussrrrerresssessisrsnereesssessssrsreeessssssssssssseeesessssnsssnssneeees 79
4, OLIEHKA KBAHTUIIEM t1vvvuueererusseeesusssessssseessssssesssssessssssessssssesssssseessstesssssssssssssessssssessssnreesssnteesnmsersneserens 85
L@y 1 T o Q0 31 = 0= 1 Y] o 88
MpunoxeHue 1. BepOSATHOCTHbIE MOAEN OCHOBHDBIX MEPEMEHHDIX.c.uuueerruereernererensssrnnssersnsserssnseesnnessrnnns 90
MpunoxeHne 2. CTaTUCTUYECKME NAPaMeTPbl PYHKLMUIN CIYUYANHBIX MEPEMEHHDIX ....vvvrerereeersrsinrseeeeessseranes 93
MpunoxeHne 3. KBaHTUMb CITYUANHON MEPEMEHHOM ....ceeierurrereernreeseanreesssseeessasesessaasesessansseessansessssansesesss 98
(R[0T a(0) Tz 1 PP PP PPN 101

NMPUJIOXXEHME B. 3JIEMEHTAPHbBIE METO/1bl OLLEHKWM KOHCTPYKTUBHOW HAAEXXHOCTU II ...... 105
- - T= Y T T P 105
R - Lol T =T B o L N 105
3. YACTHDIE KOIDMULIMEHTDI ....ccoiiiiiiueiiiiiiaaaeieisareeee s e s s s sassssee e e e s s s s s sssssneeeaeassassnnssnneeessssssannnnnnenss 108
4. O6WWMIT Cyvaii OLLIEHKMN YPOBHS HAZAEMHOCTM ........oooeeiieiiiiiieeieeeeeee e e e aaaaaaaaaaa e e e na e e e e 112
5. MpyMep C apMNPOBAHHON BETOHHOM MITUTOM ....ooovriiiiiiriinienessssnrneereessssssnnnnreeeeesssssnnnnnneesssens 115
6. 06K Cyyall OLIEHKU BEPOSTHOCTU Pa3pYLUEHUSA KOHCTPYKLIMM ..........ouuuvuunnnnnnnnnnnnnnnnnnnnnnnnnes 118
28 5 E 7 12T T Yot g3 Ton =T N 122
8. BAKJITHOUEHME ......coivvieiiii i cceeite e e e e e e er s s s s e e e ree s s e e e e e e easaa s s ee e e ee s s e s eaeeeee s s s saaeennnnnnnssessnnnnnnnnes 124
(O Talo T 1 17 =] 0= 1 Y o T 124
00Ty R 124

MPUNOXEHMUE C. MPOLEAYPA KATTUBPOBKN ......uuuisssrss s s s e n s e n e s nnn e e 124
I = =TT 1T T 125
2. OCHOBHbIE COUETAHMS HAMPYBKM . eiiiiiiiiiiiiiiiiiiisiiasssssssssssss s s s s s s s s s s s s s s ssssse st ee s s e s s s e e s ses s e e e s e e e e e e e e e e e e e e s e enennnees 130
3. OBLLMIN SNEMEHT KOHCTPYKLIMM «.vvvveeeeesesessnsseeesessssssssssssseesssesassssseeesesessamssssssessesssamssssssssressssemmnssssseees 136
4. TIPUHLMNBI @HANN3A HALEKHOCTM .. eevuunseernuseeennsserrnssserensssarnnsssernsnssernssssemnssssernssssemnnsssernnnssernnnseernnssees 143
5. PE3YNIbTaTbl A1 OOLLETO CEUEHMSL. .. i ieeirrruieeeseeeeesssssssssseassssassssseees s e s s seeeesasaressseesanaaaeseeeeensnnansss 150
TG 1= 10 310 LT TN 151
CIIUCOK JITEPATYPDBI tetteetterrresrenesesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsnnn 152
MpunoxeHue A. MpsaMoe CONOCTABNEHNE BOSAENCTBUN HATPYBKM.urerereeeererirrrereeresesesssssssseeesssessssssssseeeeeses 158
MpunoxxeHne B. Bo3AEACTBUE UBMEHEHUS HALEKHOCTM . ueeeeeeeeeeauunrerereeeeeesassssseresesessassnssnseeesesessnnsnsseeeees 160
MprnoXeHUE C. YCIIOBHBIE OO03HAUEHMS .. ..ccvuvuuuieeieereiintsssesseeetnnnsssssssesssassssseeeessssssseseseessnsssseesssennnns 162
00Ty C=T 7 R 166



Implementation of Eurocodes Handbook 2

PYyKOBOACTBO M0 OCHOBAM KOHCTPYKTUBHOI HAafil@)XHOCTU 34aHMHA U aHA/IU3y PUCKOB,
M3N10)KeHHbIX B EBpokoaax, AONO/IHEHHOE NPAKTUUYECKUMMU NPUMepaMmn

FNABA I. OCHOBHbIE NMOHATUA, CBA3AHHBIE C KOHCTPYKTUBHOI HALIEXXHO-
CTbHO 3JAHUN

Munan Xonuku * n Ton Bpaysensenbgep 2
! MneTuTyT KnokHepa, Yeluckuin TexHndeckuii yuuesepeuteT, Mpara, Yexus

2 NlendTckuii TEXHUYECKUI yHMBEpCUTET, OpraHu3aumsi NPUKNaAHbIX HayuHbIX WCCNENOoBaHWI B cdepe CTpou-
TenbcTBa, HuaepnaHabl

KpaTtkas uHcdopmauus

Henb3s NOMHOCTbIO YCTPaHUTb HEOMPEAENEHHOCTH, OKa3blBAOLWME BAMSIHUE Ha paboTy KOHCTPYKLMM, NO3TOMY MX
CrefyeT yuuTbiBaTb NMPU CO34aHWMM MPOEKTa Ntoboro CTpouTenbCTBa. B mpownioM 6biiv paspaboTaHbl U MpU3HaHbI
pasfinyHble MeToAbl MPOEKTUPOBAHMS M MPAKTUYECKME MPOoLeAypPbl MPOBEPKMU KOHCTPYKTMBHOM HaaexHocTu. Haumbo-
nee COBPEMEHHbIN MPaKTUYECKUI METOA YacTHbIX KO3(dULMEHTOB OCHOBAH Ha BEPOSTHOCTHLIX MOHSTUSX KOHCTPYK-
TUBHOW HaAEXHOCTM M MOJyYEHHOM paHee onbiTe. O6LuMe NPUHLIMMLI KOHCTPYKTUBHOW HAAEXHOCTU MOTMYT 6biTb MC-
MONb30BaHbl A1t MOAPOBHOrO ONMUCaHUS U AarbHeWLWen NPOBEPKM YaCTHbIX KO3DMULMEHTOB U APYrvX NapaMeTpoB
HaaeXHoCTU. KpoMe Toro, pa3paboTaHHble METOAbl pacyeTa U yaobHOe B MCMOJb30BaHUM MporpaMMHoe obecrneve-
HWe, Hapsidy C MUCMONb30BaHUEM BEPOSITHOCTHLIX MOHATUIA U AOCTYMHBIX SKCMEPUMEHTANBbHLIX AaHHLIX, MOMYT Hanps-
MYIO MCMO/b30BaTbCs ANS NPOBEPKM KOHCTPYKTUBHON HaAEXHOCTY.

1. BBeaeHune
1.1 CnpaBouHble MaTepuasbl

B psine HauMoHanbHbIX CTAaHAAPTOB, HOBOM €BPONENCcKoM okyMeHTe EN 1990 [1] u MeXayHapoAaHOM CTaHaapTe
ISO 2394 [2] copepXuTcs CUCTEMATMU3UPOBAHHOE OMUCAHME OCHOBHbIX MOHSTUA KOHCTPYKTUBHOW HaaexHocTu. [o-
nonHuUTeNbHast uHdOpMauMn NpeacTaBneHa B CMPaBOYHOM M3A4aHWM, BbiMylWeHHOM «O6beaMHEHHbIM KOMUTETOM
HaAEXHOCTM KOHCTPYKUMi» (JCSS) [3] M B HepaBHO OMy6/MKOBAHHOM PYKOBOACTBE MO WMCMO/b30BaHUIO CTaHAapTa
EN 1990 [4]. PekoMeHAaLMMN MO NPUMEHEHUIO BEPOSITHOCTHBIX METOAOB OLEHKM KOHCTPYKTUBHOMW HAEXHOCTU MOXHO
HaTh B paboumx MaTepuanax, npeaoctaBieHHbIX «O6beaNHEHHbIM KOMUTETOM HaAEXHOCTU KOHCTPYKumiA» (JCSS)
[5] n B COOTBETCTBYIOLIMX M3AAHMSIX, NEPEUNCNEHHBIX B Cucke nutepaTypbl (cM. [4] u [5]). dnemeHTapHble MeToAbI
Teopun HagexxHoCcTn onucanbl B Magax II n IIT HacToswero PykosoacTea 2.

1.2 OCHOBHbI€ NMPUHLMUNDI

OCHOBHble MPUHLMMbI KOHCTPYKTUBHOW HaIEXXHOCTM OMMCaHbl B MeXAyHapoaHbiX usaaHuax EN 1990 [1] n ISO
2394 [2]. OcHoBHble TpeboBaHWUs, KOTOPbIM AO/MKHbLI OTBEYATb KOHCTPYKLUMM, U3NOXKEHbI B pa3aene 2 craHaapTa EN
1990 [1]: KOHCTPYKUMS AO/MKHA ObITb CNPOEKTUPOBaHa W BbINO/IHEHA TakuM obpas3oM, UTobbl B TeueHne npegnona-
raemMoro Cpoka 3KCrlyaTauum M C COOTBETCTBYIOLLEN CTEMEHbIO HAAEXHOCTU U 3KOHOMWYHOCTVM OHa Morfia BbIMosi-
HATb cnegytowme TpeboBaHus:

—  BblAEPXMBATb HArpysKky, KOTopasl MOXET 6biTb MPUMOXEHa BO BPEMSI BO3BEAEHWUS WM 3KCUTyaTauum npu
BbIMNOSIHEHWM Pa3/IMYHBIX PAbOT UMM OT BO3AENCTBUS BHELWHUX (DaKTOpPOB;

—  COXpPaHATb NPpUrogHOCTb K UCNOJIb30BAHUIO ANA BbIMOJHEHUA Ha3HaYeHHOM CIJYHKLI,VIM.

— Cnemyer OTMETUTb, YTO YMOMMUHAIOTCA ABa YETKO 0603HAYUEHHbIX acneKkTa — HaAEXHOCTb Y SKOHOMUYHOCTb
(cM. Takke PykosoacTo 1). OmHako, B HacToslleM PykOBOACTBE 2 pacCMaTpUBAETCA MPEUMYLLECTBEHHO
HaAEXHOCTb KOHCTPYKLMI, BKIlOUatoLLas B cebs:

—  HeCyLLyH CnocobHOCTb KOHCTPYKUNK;
—  3KCnyaTauMOHHYIO NPUIrOAHOCTb;
—  [ONroBEYHOCTb.

[JononHutenbHble TpeboBaHMsi MOryT 6biTb CBA3aHbI C OBECMEYEHMEM OFHECTOMKOCTU (CM. PykoBOACTBO 5) unu
[APYrMMU aBapuiHbIMKU pacyeTHbIMU cUTyaumuaMu. Hanpumep, no TpeboBaHusiM cTaHaapTa EN 1990 [1] B cnydyae no-
Kapa HecyLas cnocobHOCTb KOHCTPYKLMKM AO/MKHA COXPaHSATLCA B TedeHne TpebyeMoro nepnoaa BpeEMeEHM.

[ns obecrneyeHns BCEX aCNeKTOB KOHCTPYKTMBHOW HAaAEXHOCTW, obecriedeHre KOTOpbIX NMpeanonaraeTcs ykasaH-
HbIMX BbIlLE OCHOBHbIMM TPeGOBaHUAMM, CrieAyeT OMNpeaeniMTb MPOEKTHLIA CPOK CIyXObl, CUTyauun W NpeaenbHble
coctosiHua (cM. PykoBoactso 1). HeobxoanMo 06paTuTb BHUMaHWE, UTO 6a30BbIli CPOK CyxObl 3aaHns — 50 neT, u
YTO, KaK NpaBwWsio, BbIAENSETCS YETbIPE PacyeTHbIe CUTyaLMn — MOCTOsSIHHAs, NepexoaHasl, aBapuiHas, 1 ceicMuye-
ckast. MpeaenbHbIX COCTOSIHWM, KaK NMpaBwuio, BbIAENSIETCS ABa — KPUTUYECKOE NpeaesibHoe COCTOSIHUE U NpeaesibHoe
COCTOSIHWE 3KCMyaTauMoHHOM npurogHocTu. MoapobHoe onmncaHve npeacTaBneHo B PykosoacTse 1.
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2. HeonpepeneHHOCTHN
2.1 Knaccudukaums HeonpeneneHHoOCTen

O6Lenpu3HaHHbIM (hakTOM SIBMSIETCA TO, YTO 3[aHWSt U COOPYXXEHUSI NPEACTABNAOT COBOM CNOXHYIO TEXHUYe-
CKYIO CMCTEMY, Ha paboTy KOTOPOI Ha BCEX 3Tanax BbiMOMHEHWS paboT M NoceaytoLleit SKCnyaTaumm o6bLexkTa Ban-
S€T psiA CYLECTBEHHbIX HeonpeaeneHHOCTel. B 3aBUCMMOCTM OT XapakTepa KOHCTPYKLMM, YCIIOBUIA OKpY>atoLen
cpeabl M NPUMOXEHHbIX BO3AEMCTBMIA HEKOTOPbIE BW/bl HEOMPEAENEHHOCTEN CTAHOBATCA Go/ee 3HauuMbIMK, YeM
Apyrve. B uenoM MOXHO BbIAENUTL CeaytoLMe BUAbI HEONpPEAENeHHOCTEN:

- c/lyyaiHasi npupoaa BO3L4ENCTBMIA, CBOWCTBA MAaTEpPUANoB U reOMETPUYECKME NapaMeTpbl;
—  CTaTUCTMYecKasl HeonpeaeneHHOCTb M3-3a OrpaHUYEHHOrO KOSIMYECTBA UMEIOLLMXCS AaHHbIX;

—  HeonpefeneHHOCTU OLEHKM C MOMOLLbIO MOAENEeN Hecyllel CrnoCco6HOCTU M BO3AEMCTBUS Harpysku Bciea-
CTBME YNpOLLEeHUs haKTUYECKWX YCIIOBUIA;

—  HEeSICHOCTb, BO3HWKalOWasi BCIEACTBME HETOUYHOCTU OMpPeAeneHMU, OMNMCLIBAOLWMX SKCMTyaTaUMOHHbIE Tpe-
6oBaHus;

—  rpy6ble OWWOKK, AOMNYLLEHHbIE NPU NPOEKTUPOBAHMM, BO3BEAEHWM W SKCMyaTaLMM KOHCTPYKLMK;

- HeZ0CTaTOK 3HaHWI O MOBEAEHUM HOBbIX MaTepmnanoB N HEKOTOPbIX BO3AENCTBUSIX B d)aKTVIHECKVIX ycnosu-
AX.

MopsiaoK, B KOTOPOM MepeunciieHbl HeonpeaeneHHOCTU, NPUMEPHO COOTBETCTBYET YMEHbLUEHWUIO CTENEHN UMEto-
LUMXCS 3HAHUN U KOMMYECTBa AOCTYMHbIX METOAOB A/l TEOPETMYECKOrO OMNWCaHWUs HeonpeaeneHHOCTel U ux pac-
CMOTPEHMS B MpoLecce npoekTnposaHus (CM. cneayowme pasaensl). CnegyeT OTMETUTb, YTO HONBLUMHCTBO M3 Npu-
BEAEHHbIX BbllLE HeomnpeaeneHHoCTel (CTeneHb ClyYaiHOCTW, CTaTUCTUYECKast HeoNpeaeneHHOCTb M HeonpeaeneH-
HOCTb MoAesniei) Henb3si MOSIHOCTBIO YCTPaHWUTb. 9TU HEOMPeAENeHHOCTM AOMKHbI YUUTLIBATLCS NPU NaaHUPOBaHWUK
nobbIx CTpouTEnbHBIX PaboT.

2.2 [locTynHble MeToabl ONUCaHNA HeonpeaeneHHocTen

EcTecTBeHHasi CTEMNeHb CIy4aiHOCTU M CTaTUCTMYecKasl HEOMPEeAENEHHOCTb MOTYT C OTHOCUTENbHOW TOYHOCTbIO
6bITb OMMCaHbl AOCTYMHLIMW MeTOAaMM, KOTOpble MpeaiaraloT TEopUst BEPOSITHOCTU M MaTeMaTuyeckasl CTaTUCTUKa.
®akTuyecku, B ctaHgapTe EN 1990 [1] npeacTaBneHbl HEKOTOPbIE PEKOMEHAALIMU MO UCMOb30BAHMIO TakUX AOCTYM-
HbIX MeTofoB. OHaKO, HeAOCTATOK HAZEXKHBIX SKCMEPUMEHTANIbHBIX JaHHbIX (HAanpuMep, O HOBbIX MaTepuanax, He-
KOTOpbIX BO3AENCTBUSIX, BK/IOUAs BAIMSIHWE OKPYXXAOWeEN cpeabl, @ TakKe O HOBbIX FEOMETPUYECKMX XapaKTEPUCTH-
Kax) SIBNSIETCS MPUUYUHON BO3HUKHOBEHMS CYLLECTBEHHBLIX NMPOGMEM. B OTAENbHBIX CllydYasix UMEKOLLMECS AAHHbIE SIB-
NATCA HEOAHOPOAHLIMU. OHM BbIIN NOJTyYeHbI B pasHbiX YCIOBKSIX (HanpuMep, AaHHbIE O CONPOTMBEHNN MaTepua-
OB, MPWUMOXEHHOW Harpyske, BAMSIHAM OKPY>XAIOLLEN Cpeabl, @ Takke O BHYTPEHHUX pa3Mepax MoMepeyHoro ceve-
HUS XKEeNe306eTOHHOTO 3MeMEHTA). 3aTeM MOXET 6biTb TPYAHO, eCv BOOGLLE BO3MOXHO, NPOaHanM3vMpoBaTh M UC-
Nosb30BaTh 3TU AaHHbIE NPU NPOEKTUPOBAHMUM.

CTeneHb HeonpeaeneHHOCTM Pe3ynbTaToB, MOJTyYaeMbIX C MOMOLLbIO BbIUMCIIUTENBHBIX MOAENEN MOXHO B Orpe-
[ENIEHHON CTEMEeHN OLEHWTb, OCHOBbLIBasICb Ha AaHHbIX TEOPETUYECKMX M 3KCMEPUMEHTAsIbHbIX MCCeaoBaHuii. B
ctaHaapte EN 1990 [1] n matepuanax «O6beaAMHEHHOIO KOMUTETa HAAEXHOCTU KOHCTPYKUMi» (JCSS) [5] npeacTas-
NeHbl HEKOTOPble COOTBETCTBYHOLME peKkoMeHAaumu. HeonpeaeneHHOCTb, BO3HMKAOLWAs BCNeACTBME HETOYHOCTM
onpeneneHuii (B 0CO6EHHOCTH, OMMUCHLIBAIOLLMX 3KCIJTyaTaLMOHHYIO MPUroAHOCTb M Apyre 3KCMyaTaunoHHbIe Tpe-
60BaHus), MOXET OblTb YaCTUYHO OMMCaHa MpPU MOMOLUM TEOPUM KHEYETKUX MHOXecTB». OAHaKo, 3T MeToabl C
NpaKTUYECKON TOYKWM 3PEHUS — MasionosniesHbl, MOCKONbKY MPUMEHUMbIE AfS1 TaKUX Cly4YaeB 3KCMNepUMeHTasbHble
JaHHble peaKo AOCTYMHbI. 3HaHWS O NMOBEAEHWUWN HOBbLIX MAaTEPUanoB U KOHCTPYKUMIA MOMyT BblTb MOCTEMNEHHO pacLum-
peHbl MOCPeACTBOM BbIMOSIHEHUS! psiia TEOPETUYECKMX aHANM30B, Pe3y/bTaTbl KOTOPbLIX 3aTEM AO/MKHbI ObiTb BEpU-
vuMpoBaHbI NPV NPOBEAEHNMN IKCMEPUMEHTANILHOIO UCCNeA0BaHUS.

Mpy Hanuumm rpy6beIX OWMBOK M HEXBATKM 3HAHWIA OYEBMAEH HEAOCTaTOK AOCTYMHbIX TEOPETUYECKUX METOAOB,
MpW 3TOM MMEHHO OLIMOKM M HEAOCTATOYHbIE 3HAHMSI MPUBOAAT K PaspyLUEHWUIO KOHCTPYKUMK. s Toro, 4tobbl orpa-
HWYUTb KOJIMYECTBO COBEPLUIAEMBIX FPYy6bIX OLIMOOK BCIEACTBUE AESTENBLHOCTU YenoBeka C 60/bluoi 3hdeKTUBHO-
CTbIO MOXET 6bITb BBEIEHA CUCTEMA MEHeDKMEHTa KayecTBa, KoTopas BKktoyana bbl B cebsi MeTofbl CTaTUCTUYECKON
NpOBEPKM U KOHTPOSIS.

PaznnuHble MeToabl NPOEKTUPOBAHUS U SKCMJTyaTauuu, B KOTOPbIX YUMTLIBAKOTCS 3TU HEOMpeaeNeHHOCTH, paspa-
60TaHbl M MCMONb3YIOTCS MO BCEMY MUPY. Teopusi KOHCTPYKLIMOHHOW HaaeXHOCTU obecrneunBaeT 6a3oBble NMPUHLUMMDI
METOZOB M TEOPETUYECKME OCHOBbI ANSl OMUCAHWS U aHanM3a NMepedYnCleHHbIX Bbllle HEOMNpeAeieHHOCTEN, CBS3aH-
HbIX C KOHCTPYKTUBHOW Haf€XXHOCTbIO.
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3. HapexHocTb
3.1 O6wme nonoxkeHus

MOHATUE «HAAEXHOCTb» 3aYacTyld HEYETKO CCHOPMYIMPOBaAHO, M TPeByeT HEKOTOPbIX MOSICHEHMIA. B GOMbLUMH-
CTBE C/IyYaeB «HAAEXHOCTb» MOXET UMETb TOSIbKO ABA COCTOSIHMSA, T.€. KOHCTPYKUMS SIBASETCS NME0 HaAEXHOM,
nmbo HeHaaexHoW. Ecnv npuaepXxmnBaTbCs Takoro Noaxoaa, To MOMOXUTENbHAsS OLEHKA O3HAYaEeT, YTO «paspyLueHue
KOHCTPYKLMW He Npou3oiaeT Hukorga». K coxanenuwto, nogobHas MHTeprnpeTauus YpeaMepHoO YrnpoLLaeT nosoxeHue
BeLein. Bo3aMOXHO, 3TO HEMPUATHO, U ANS MHOTUX JIOAEN Aaxke HEMPUEMNEMO, HO rurnoTeTMyeckas uaes o6 «abco-
NIOTHOW HAAEXHOCTU» ANS GOMbLUMHCTBA KOHCTPYKUMIA (33 UCKIIOUYEHWEM pefKuX CydaeB) MOMPOCTY He CyLecTBy-
€T. B uenom, paspyLueHue no6oi KOHCTPYKLUMU MOXET (XOTb U C HEBOMBLLION MM MUHWMMANbHOWM Aosei BEPOSITHOCTY)
MPOW30MTH, AAXKE ECIN KOHCTPYKLMS 3asiBNEeHa KaK «HafexXHas».

VIHTepnpeTaumns AOMOMHUTENBHOrO (HEFAaTUBHOIO) YTBEPXKAEHMS, KaK NpaBuio, BOCNPUHMMAETCs 6oniee KOppekT-
HO: pa3spyLUeHMe KOHCTPYKLMM pacCMaTPUBAETCS KaK HEKOTOPOE SIB/IEHME, KOTOPOE MOXET MPOU30MTU B peanbHOCTH,
1 B 3TOM C/lyyae 06CYXAQETCs YXKe BEPOSTHOCTb MM YacToTa C/ly4aeB PaspyLUeHUs KOHCTPYKUMM. DakTUYecku, npu
pa3paboTke NpoekTa HeO6XOAMMO 06palliaTh BHUMAHUE Ha TO, YTO CYLLIECTBYET HeKoTopas Hebonbllas BEPOSTHOCTb
paspyLUeHNs] KOHCTPYKLMM B TEYEHWE €e Ha3HAUYEHHOro Cpoka 3KCrsyaTaumu. B MpoTMBHOM cryyae npoekTUpoBaThb
06bEKTbI FPaXKAaHCKOro HasHauyeHus 6yaeT abCcontoTHO HEBO3MOXHO. KakoBa B TakoM c/lyyae NpaBwsibHas MHTEp-
NpeTaumsl MOHATUS «HAAEXHOCTb»? Kakoe 3HaueHue UMEeET LUMPOKO MCMosb3yeMas (OpMYMpOBKa «KOHCTPYKLMS
HadexHa n 6esonacHa»?

3.2 OnpeneneHne TEPMUHA «HaA€KHOCTb>»

B pa3nuuHbix nybnvkaumsax, a Takke HauMOHasbHbIX M MEXAYHAPOAHbIX W3AAHWSX WCMONb3yeTCs HEeCKObKO
onpeaeneHnin TEpMUHA «HaAEXHOCTb». OnpeaeneHne HaaeXHoOCTU U3 ctaHaapta ISO 2394 [2] noxoxe Ha ¢opmy-
NMPOBKY M3 HaUMOHasbHbIX CTaHAAPTOB, MCMOMb3yeMbIX B HEKOTOPbLIX EBPOMENCKUX CTpaHaxX: HAAEXHOCTb — 3TO
CNOCOBHOCTb KOHCTPYKLUMM OTBEYaTb MOCTaBAeHHbIM TpeboBaHMAM B 3aaHHbIX YCIOBUSIX B TeUEHWe ee npeanonara-
€MOro Cpoka 3Kcnjyataumu. B KonmyecTBEHHOM OTHOLIEHUWM HAAEXHOCTb MOXET BbiTb onpedenieHa kak AOMnofHeHne
K BEPOSITHOCTW pa3pyLUeHUs.

CJ'Ie,CI,YET OTMETUTb, YTO NPUBEAEHHOE BbllLIE onpeaeneHne HaaeXXHOCTU BKITIOYAET B cebs YETbIPE BaXXHbIX KOM-
NOHEHTa:

3aflaHHble (3KCMyaTauMOHHbIE) TpE6OBaHMS — ONpeAeneHne paspyLIEHNSt KOHCTPYKLMK,

—  MepvoA BPEMEHM — OLeHKa HEOBXOAMMOro Cpoka CIyX6bl KOHCTPYKLMM 7,

cTeneHb HAAEXHOCTN — OLEHKA BEPOSTHOCTM PaspyLUEHUSt KOHCTPYKLUUK P ¢,
—  YC/IOBMS 3KCMTyaTauun — OrpaHuyeHne HeonpeaeneHHOCTM UCXOAHbIX AaHHbIX.

YeTkasa OpMyNMpOBKa SKCMYaTaLMOHHLIX TpeboBaHWi, W, CNeAoBaTeNbHO, TOYHOE OMNpedeneHue MOHSATUS
«paspyLueHne» KpaiiHe BaXkHbl. Bo MHOMMX cnydasix, Npu onpeaeneHnn TpeboBaHui, NpeabsBseMbiX K KOHCTPYKLUM
B OTHOLLIEHUN €€ MPOYHOCTM M YCTOMUMBOCTM K paspyLUeHuio, (hOpMyIMpOBKa MOHSATUA «paspyLUEHUe» He ABNAETCS
OYeHb CNOXHOW. OfHAKO, BO MHOTUX APYrMX Cilydyasix, 0CO6EHHO koraa TpeboBaHWsl KacaloTcs Ob6ecneyeHust KoM-
(hOpTHBIX YCMOBWIA ANS NOMb30BaTENEN 3[aHMS, BHELLHErO BUAA M XapaKTEPUCTMK BHYTPEHHEN cpeabl MOMELLEHUI,
Ha NPaBULHOCTL (POPMYNIMPOBOK MOHATUSA «paspyLUEHWE» BAWAET PAf PasMbIThIX M HETOUHBIX OnMcaHuii. Mpeobpa-
30BaTb 3TV TpeboBaHMs, BblABUraeMble MoMb30BaTENAMU 3[aHWUS, B COOTBETCTBYIOLIME TEXHUYECKUE KONMYECTBEH-
Hble MapaMeTpbl U MoaodpaTh AN HUX TOYHbIE KPUTEPUM OYEHb TPYAHO, M 3a4acTylo, MOMbITKA 3TO OCYLIECTBUTHL
NPUBOAUT K ONpeaesieHnIo 3aMETHO OT/IMUAIOLLMXCS YCIOBUIA.

B HacTosiLeM AOKYMEHTe TEPMUH «pa3spyLLEHWe» MCMOb3yeTCs B Hanbonee obLLeM CMbIC/e 3TOrO C/10Ba, U 060-
3HaYaeT NpocTo Niloboe HeXenaTenbHOe COCTOSIHME KOHCTPYKUMM (Hanpumep, obpylueHne unu YpesmepHyto aedop-
MaLMIo), KOTOpble 0HO3HAYHO OMNPeaENSIOTCS YC/IOBUSMM, B KOTOPbLIX HAXOAUTCS KOHCTPYKUMS.

B cranpapte ISO 2394 n EBpokoae EN 1990 [1] npvBeaeHoO 04HO M TO Xe onpeaenieHne, BKIYas MpuMeYaHme o
TOM, UYTO MOHATME «HAAEXHOCTb» BK/IOYAET B Ceb51 HeCyLlyto CnocobHOCTb, MPUrOAHOCTb K 3KChyaTaumm U AoNAro-
BEYHOCTb KOHCTpyKUMW. OCHOBHblE TpeboBaHMS BKIOYAIOT B cebs cneayiollee nonoxeHue (Kak ynoMuMHanocb Bbl-
Le): «KOHCTPYKUMS AO/MKHA 6blTb CNpOEKTUPOBaHAa M BbIMO/IHEHA TaknM 06pas3oM, 4Tobbl B TeYeHWe npeanonarae-
MO0 CpOKa 3KCrlyaTaumm U C COOTBETCTBYIOLLEN CTEMNEHBIO HAAEXKHOCTM U SKOHOMUYHOCTM OHa MOr/1a BblAEPXXMBaTb
Harpy3Ky, KoTopasi MOXeT 6bITb NPUIOXKEHA BO BpeMs BO3BEAEHMS MW SKCMyaTaumn, NpU BbINOSIHEHUN Pa3/INYHbIX
paboT Mnu OT BO3AENCTBUS BHELUHMX (haKTOPOB, a TaKXXe COXPaHsTb NMPUrOAHOCTb K SKCMayaTaumn Ans BbiNONHEHNUS
Ha3HauyeHHOM yHKUMU». Kak npaBuio, B OTHOLIEHWM HECYLLEN CrOCOBHOCTU M MPUrOAHOCTM KOHCTPYKLMKM WU ee
OTAENbHbIX YacTel K 3KChyaTaumm MOXET BbiTb MPUHST pasHbli ypoBeHb HaAeXHOCTU. B fokymeHTax [1] v [2] Be-

pOSITHOCTb paspyLueHns Pr («probability of failure» - npum. nep.) (M MHAEKC HageXHOCTU (ﬂ)) npuBeaeHsbl B 3aBu-
CMMOCTM OT OMacHOCTU MOCNEACTBUI pa3pyLieHus (cM. PykoBoacTso 1).

3.3 BeposiTHOCTb pa3pyLieHUs1 KOHCTPYKLUUKN

Hanbonee BaxHbIM TEPMUHOM, KOTOPbIN bl UCMOMb30BaH Bbille (a TakKe B TEOPUU KOHCTPYKTUBHOW HaAeXHO-
CTN) SIBNSIETCS, MO-BMAMMOMY, MOHSITUE «BEPOSITHOCTU paspyleHust «Pp». [Ins TOro 4tobbl NpeAcTaBUTb TOYHOE
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onpegeneHne Ans NOHSTUS «BEPOSITHOCTb pa3pylueHust «Pe» AenaeTcs AonyLieHue o0 TOM, Y4To paboTa KOHCTPYKLMM
MOXET 6bITb ONMcaHa Npy NOMOLLM ONpeaeneHHoro Habopa OCHOBHLIX NepeMeHHbIX X = [X;, X5, ... , X,J, XapakTepu-
3yOLMX BO3AEWCTBUS, MEXaHWYeCcKue CBOMCTBA, reoMeTpUYecKue napameTpbl U HEONpeaeneHHOCTU AaHHbIX, Mony-
YEHHbIX MpY MoAenMpoBaHuu. KpoMe Toro, NpeanosaraeTcs, YTo npeaesibHoe CocTosiHMe (KpUTUYECKoe npeaernbHoe
COCTOSIHWE, COCTOSIHME 3KCryaTauMOHHOW MpUIroAHOCTM, AOSTOBEYHOCTb WM NpeaenbHoe COCTOsIHWE BCIeACTBUE
YCTanocTy KOHCTPYKLMM) KOHCTPYKLMM OMNpeaensieTcs Npy NoMoLwmn GpyHKLUMKU NpeaenibHoro COCTOSHUS (M dyHKUMK
paboTocnocobHOCTH), Kak NpaBuo, 3anNUCaHHOW B BUAE HESIBHOW (YHKLNK:

2%)=0()

®yHKUMS NpeaenbHOro coctosHus Z(X) pomkHa 6biTb onpegeneHa TakuMm obpas3oM, 4Tobbl oHa 6bina Monoxu-
TeNbHOW AN onucaHus 6naronpuaTHoro (6e30MacHOro) COCTOSIHMS KOHCTpYKUMKM, Z(X) =0, a ans onucaHus Hebna-
FONPUSTHOrO COCTOSIHUS KOHCTPYKUMKM (pa3pylueHust) — oTpuuatenbHoi, Z(X) < 0 (6onee noapobHoe ob6bsicHEHWE
NpeacTaBneHo B CeayowwmX Aanee rnaBax Hactoswero PykoBoacTea 2).

Ons 60MbLWIMHCTBA NpeaesnbHbIX COCTOSHUI (KPUTUYECKOrO MPEeAenbHOr0 COCTOSIHUS, COCTOSIHWSI 3KCMyaTaumoH-
HOW MPUrOAHOCTY, AOSITOBEYHOCTM M NMPEeAENbHOE COCTOSIHUE BCIEACTBME YCTAIOCTM KOHCTPYKLMM) CTEMEHb BEPOST-
HOCTM pa3pyLUEHNS] KOHCTPYKLMIU MOXET BbiTb BblpaXkeHa B Buae crieaytolei hopMysbi:

P, =P{Z(X)<0} 2

OnpenennTb ypoBeHb BEPOSITHOCTM PaspylUeHUs «Pg> MOXHO B TOM C/lyyae, eC/i OCHOBHble MepeMeHHble X =
[Xy, Xo, ..., X,] onucaHbl MpW MOMOLUM COOTBETCTBYIOLUMX BEPOSITHOCTHBIX (YMCIEHHBIX MM @HANIMTUYECKUX) MOAe-
neit. Ecnn ocHoBHble nepeMeHHble X = /Xy, X, ..., X,] onucaHbl Npy NoMoLm yHKLUMM NIOTHOCTU pacrpeaeneHunst

CYMMapHOI1 BEpOSITHOCTM, KOTOPasi He 3aBUCKT OT BPEMeHU, ¢y (x), TO CTeneHb BEpOSTHOCTM P; MOXET 6bITb onpe-
AeNieHa Mpu MoMOLLIM CNeAyoLLEro MHTerpana:

P, =gy (x)dx
Z(X)<0 (3)

B cnyyasix, Korga HeKoTopble U3 OCHOBHbIX MEPEMEHHbIX 3aBUCST OT BpeMeHu, HeobxoamMMo Mcnonb3oBaTb 6onee
CNOXHblE METOABI pacyeTa. HekoTopble AeTanu, Kacatomecs TEOPETUYECKMX MOAENEN AJisl MapaMeTpoB, 3aBUCSLLMX
OT BpeMeHU (B HOMbLUMHCTBE C/TyYaeB XapaKTepM3yoLMX BO3AENCTBISA), @ TakXKe UCMONb30BaHWUs 3TUX Moaenen npu
BbIMOSIHEHUWN OLIEHKU KOHCTPYKTUBHOM HafEXHOCTM MpeACTaBfEHbl B APYrMX rnaBaX HacTosiwero PykoBoacTBa 2.
OpaHaKo, BO MHOMMX C/lydasix 3Ta 3afada MOXeT 6blTb Npeobpa3oBaHa B 3aAady, 3aBUCSILLYIO OT BPEMEHW, HanpuMep,
npv MOMOLLUWM PAacCMOTPEHUSI B ypaBHeHMU (2) nim (3) MUHMMYyMa yHKUmMK Z(X) B Te4eHne nepuoaa BpeMeHu 7.

HeobxoanMo 3aMeTUTb, YTO CYLLECTBYET psA Pa3/IMuHbIX METOAOB [2] M KOMMNbIOTEPHbIX NporpamMm [7, 8, 10] ans
pacyeTa BEpOSTHOCTU paspyLueHus Py, 3HaUeHMe KOTOPOi onpeaensieTcs no ypaBHeHuto (2) unm (3).

3.4 lHAeKC HaaeXHoCTH

DKBMBANIEHTOM TEPMUHA «BEPOSATHOCTb paspyLUeHUs» ABNSETCA TEPMUH «UHAEKC HALEXHOCTU ﬂ », qupMaano

onpefensieMbii Kak OTpULATENbHOE 3HAYEHUe CTaHAAPTHOW NMEePeMeHHON, pacrpeaeneHHon No HopMarbHOMY 3aKo-
HY, COOTBETCTBYIOLLEE BEPOSITHOCTM paspylueHusi P;. TakuMm 06pasoM, CrieAyrollee COOTHOWEHME MOXET 6biTb MC-
NoNb30BaHO [/ ONpeaesieHnsl MHAEKCA HaAEXHOCTH:

p=-0(P)

-1
-0 v (Pr) 30eck onuceiBaeT yHKLMIO 06paTHOrO CTaHAAPTHOMO HOPMa/IbHOTO pacripeaeneHus.

B HacTosiLee BpeMs MHAEKC HAaaeXHOCTU 7, onpeaensiembiii no GopMyne (4), SBNSETCS KONMYECTBEHHBIM MOKa-
3aTeneM KOHCTPYKLMOHHON HaAeXHOCTU, KaK NpaBwuio, UCMOMb3yeMON B HECKONMbKUX MEXAYHApOAHbIX AOKYMEHTax
(1], [2], [5].

CnepyeT OTMETUTb, YTO BEPOSITHOCTb PaspylueHnst Pr U MHAEKC HAAEXHOCTU [ ABNSIOTCSA MOSIHOCTBLIO SKBUBA-
NEHTHbIMW KONIMYECTBEHHBbIMM NOKa3aTensiMM HaeXHOCTU C B3aWMHO-OAHO3HAYHLIMWU COOTBETCTBUSMM, MpeacTaB-
NeHHbIMK B opmyne (4), 1 nokasaHHbIMK B BUAe uucen B Tabnuue 1.

Ta6nuua 1. CooTHOLIEHNE eANHUL, U3SMEPEHUSI BEPOSITHOCTH pa3pyLwueHus Ps
M MHAEeKca HapgexHocTn [
Pf 10" 102 103 10* 10° 10° 107
p 1,3 2,3 3,1 3,7 4,2 4,7 572
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Mo ctangaptam EN 1990 [1] n ISO 2394 [2] ocHOBHasi pekoMeHAaunsi B OTHOLLIEHMM TpebyeMoro ypoBHS Hafex-
HOCTM, KaK npasuno, hopMynMpyeTcs Mpy MOMOLUM €AMHUL, U3MEPEHWS! MHAEKCA HAAEXHOCTU [F, oTHOCswWerocs K
onpeaenieHHOMY pacYeTHOMY CPOKY 3KCrJlyaTauuu.

3.5 BpeMeHHOEe U3MeHeHne BEepOSATHOCTU pa3pyLUeHUs KOHCTPYKLUN

Korga BekTop OCHOBHbIX NepeMeHHbIX X = [X;, X5, ... , X,/ NBMEHSIETCS BO BPEMEHM, BEPOSITHOCTb pa3pylueHus Ps
TaKXXe M3MEHSIETC BO BPEMEHW M JO/MKHA BCErAa COOTHOCUTLCA C onpefeneHHbM 6a30BbiM NepnoaoM BpeMeHu 7,
KOTOpbIV B GOMBLUMHCTBE C/Ty4aeB MOXET OT/IMYATBLCS OT PAaCYETHOMO CPOKa 3KCrlyaTauun KOHCTpYKUmMM 7, Pacyet-
HOe 3HayeHne BEepOSITHOCTU pa3pyLUeHMs] KOHCTPYKLMM NPY 3aaHHOM YPOBHE HaAEXHOCTU p, =P, OTHOCALEeecs K
oblemy 6a3oBOMy nepuoay BpeMeHwn 7, = n7; MOXeT ObiTb MOSyYeHO MpW MOMOLUM anbTEPHATUBHOMO 3HAYeHUs
BEPOSITHOCTU p, =p;, OTHOCALLErocs KO BpeMeHn T, = 7; (obpaTute BHMMaHMe, YTO AN YNPOLEHUs yCrnoBHOro obo-
3HAYEHMs! UCMOJIb30BaHHbIN paHee HKHWIN MHAEKC «d» B JAHHOM CllyYae COOTBETCTBYET «N», @ HWKHUMN MHAEKC «a»
cooTBeTcTBYET «1»). MNogpobHoe onuncaHue 3Toro npeobpasosaHns nNpeactasneHo B rnase III.

4. 3apaum NpoeKTUpoBaHus
4.1 OpreHTUPOBOYHbIE 3HAYEHMS pacYeTHOro CpoKa SKCrnyaTalunm KOHCTPYKLMKN

PacyeTHbI CPOK 3KCMyaTaumMm KOHCTPYKUMK Ty IBNSETCS NpeanosiaraeMbliM NepuoaoM BPeEMEHU, B TEYEHME KO-
TOPOro KOHCTPYKUMSI UK €€ YacTb A0MKHbI MCNOMb30BaTbCA MO Ha3Ha4YeHUto, C obecrneyveHneM OXMAAEMOro YPOBHS
06cnyXnBaHusi, Ho 6e3 Heobx0AMMOCTUN BbIMOMIHEHMS] KPYMHOrO peMoHTa. B HeaaBHO Bbllweawmnx AokymeHTax CEN
[1] v ISO [2] npeacTaBneHbl OPUEHTUPOBOYHBIE 3HAUEHUS 7, ANS NATU KAaTEropuil KOHCTPYKLWIA, CM. Tabnuuy 2.

Bonee nofpobHoe onucaHue KaTeropuii KOHCTPYKLMIA U pacyeTHble CPOKWM 3KCMyaTaumu MOXHO HalTW B HEKO-
TOpPbIX HAUMOHaNbHbIX CTaHAapTax. B UuenoM, pacyeTHble Cpokn Cyx6bl KOHCTPYKLUMM MOMYT NpeBblaTh (B HEKOTO-
pbix cnyyasix Ha 100%) 3HaueHwus, NpeacTaBieHHble B Tabnuue 2. HanpuMep, pacyeTHbIn CPOK 3KCryaTauum Bpe-
MEHHbIX KOHCTPYKLMI MOXET 6biTb 15 NeT, cenbCkoXo3aiCTBEHHbIX 3AaHUA — 50 NeT, XUMbIX U OPUCHBIX 3AaHUIA —
100 neT, a KOHCTPYKLMIA XENe3HOAOPOXHOW OTpac/v, NIOTUH, TOHHENEN, U APYruX NMOA3EMHbIX COOPYXEHUIA UHXKE-
HepHOro HasHaudeHuns — 120 net n 6onee.

Ta6bnuua 2. OpMEeHTUPOBOUHbIE 3HAUEHUS PAaCYETHOIMO0 CPOKa IKCIJlyaTalumM KOHCTPYKLUM

KaTteropus PacuyeTHbIN Cpok akcnnyaTaumm 7,  MpuMepsbl
(rogbl)

1 10 BpeMeHHble KOHCTPpYKUMK

2 ot 10 go 25 3aMeHsIeMble YacTW KOHCTPYKUUK 3[aHusl, onopbl, 6anku

3 ot 15 go 30 CenbCKOX03ACTBEHHbIE COOPYXXEHUS U 34aHUS NOXOXEN KOH-
CTPYKUMM

4 50 KOHCTPYKLMW 30@HUIA U COOPY)XEHWIA OBLLErO Ha3HAYeHNs!

5 100 n bonee MoHyMeHTanbHble 3faHust UM 0b6bekTbl MHQPACTPYKTYpb,
MOCTbI

4.2 PacueTHblii (LileNneBoii) ypoBeHb HAAEXXHOCTH

3HayeHWsl pacyeTHON BEPOSITHOCTW Pa3pyLUeHUst Py, Kak NpaBWio, YKasbiBAlOTCS MO OTHOLWEHUIO K OXWAAEMbIM
coumanbHbIM M 3KOHOMUYECKMM MOCNEACTBUAM paspyllieHus. B ctaHaapte EN 1990 [1] npeacTtaBneHa knaccuduka-
LMS pacyeTHbIX YPOBHEN HAAEXHOCTW, B KOTOPYIO BXOAAT TpW Kacca Mo MOCNEACTBUSIM paspylueHusi (BbICOKUM,

CPeaHUii 1 HU3KMIT) 1 OnpeaeneHbl COOTBETCTBYIOLME UHAEKCH HAAEXHOCTU [3 Ans AByx 6a30Bbix Nepuoaos Bpe-
MeHn 7 (1 rog u 50 neT). NCToYHMK McuepnbliBatoLLeit MHGOpMaLMM OTHOCUTENBHO PacyeTHOrO CpoKa 3KCMJlyaTalmm
KOHCTPYKUMU T, He npencTaeneH. MMofo6Hble [ -BENMUMHBI MOTYT MCMONb30BaThCsi B HEKOTOPbIX HALMOHAMbHbIX

CTaHAapTax v MexayHapoaHblx ctaHaapTax ISO [2]. MoapobHoe onucaHwe pacyeTHOro YpOBHS HaAEXHOCTU npes-
crasneHo B rnaee III HacToswero PykosoacTea 2.

CnesyeT noavepkHyTb, uto Ase [ -Benuumntbl ( [ . [ 4), pekoMeHpyemble B usganmm [1] Ans kaxaoro knacca
HaaexHocT (1 rog 1 50 NET) COOTBETCTBYIOT TOMY XeE YPOBHIO HAAEXHOCTU. BO3MOXXHOCTL MpPUMEHEHUS 3TUX Benu-
UMH Ha MPaKTUKE 3aBUCUT OT ANUTENLHOCTU 6a30BOro Nepuoaa BpeMeHU 7, KOTOPbI paccMaTpyBaeTCs B npoLecce
BEPUMOUKALIMK, U KOTOPbIN MOXET OTHOCUTLCA K MMEtoLLENCs MHAOPMALIMM O BEKTOPE OCHOBHBIX MEpPEMEHHBLIX X = X,
Xs...., Xy VBMEHSIOWEMCS BO BPEMEHW. Hampumep, Npu paccMOTPEHUM Klacca HaAEeXHOCTM 2 U pacyeTHOro Cpoka
CAYx6bl KOHCTPYKUMM 50 neT uHaekc HapexHoctn [F 4 =3,8 [OMKEH MCMONb30BaThCsl A4St MPOBEPKM KOHCTPYKTUB-

HOW HagexHocTu. Ecnun paccMaTpuBaeTcs 6a30Bbli Nepuoa BpeMeHn 7, AMTENbHOCTLIO 1 rog v ﬂ a = 4,7, ooctura-

€TCA TOT e YPOBEHb HaAEXXHOCTW, COOTBETCTBYIOWMIA Knaccy 2. Takum o6pa3oM, 6a3oBble nepuoabl BpeMeHn 7, B
BOMbILUMHCTBE CyYaeB, OTIMYAIOLIMECS OT PacyeTHOrO CPOKa 3KCMyaTauun 7, MOryT MCMOMb30BaThCa AN AOCTU-
YKEHWS ONpPeAesIEHHOrO YPOBHS HAAEXHOCTU.
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5. MpakTnueckne Metoabl pacyeTta
5.1 O6wme nonoxxkeHus

C TeyeHMeM BpeMeHM MeToAbl pacyeTa KOHCTPYKUMM pa3BMBannCb W Bceraa 6binm TeCHO CBSA3aHbl C AOCTYMHbIMU
NPaKTU4eCKMMN N ONbITHbIMU AAHHbLIMW, @ TakKXe CO 3HaHWEM TGODETW—IGCKOIZ MeXaHUKNU U Teopun BEPOATHOCTU. B
[BaALATOM BEKe MOCTEMEHHO NMPOUCXOANIO CTAaHOBMIEHNE Pa3fIMYHbIX MPAKTUYECKUX METOLOB, CPeAn KOTOPLIX Bbiae-
NNNOCb TPU LUMPOKO MCMOMb3YeMbIX METOAA, MPUMEHSIIOWMXCS C pasIMYHbIMU MoAUdUKaUMAMM B CTaHAapTax Mo
NMPOEKTUPOBAHMNIO KOHCTPYKLMIA BMIOTb A0 HACTOSILLEr0 BPEMEHM: METOA pacyeTa Mo AOMYCTUMbIM HaMpsXKEHUsIM,
MeToa obuiero koadhduumeHTa 3anaca NPOYHOCTM U METOA YaCTHbIX KO3 duUmMeHTOB. Bce 3Tn MeToabl YacTo 06Cyx-
[Al0TCS, ¥ MHOrAA NepecMaTpuBaloTCs U OBHOBAAKOTCS.

[anee npeacraBneHo KpaTKoe onncaHne UCTOPUYECKOro Pa3BUTUSI 3TUX METOJI0B pacyeTa, UX 0bLIel CTPYKTYpbI,
C YNOMUHAHMEM COOTBETCTBYHOLUMX KOMIMYECTBEHHBIX MAapaMeTpoB, UCMOMb3YEMbIX AN TOro, YTobbl y4ecTb BAUSHUE
BCEBO3MOXHbIX HEOMpeAeneHHOCTEN, CBSA3aHHbIX C OCHOBHBIMW MEPEMEHHBIMU, U AN YNPaBlEeHUs: UTOroBbIM YpOB-
HEM KOHCTPYKTMBHOW HaZieXXHOCTU. KpoMe TOro, HUXXE OMMUCHIBAIOTCS BEPOSATHOCTHLIE METO/bI OLEHKU KOHCTPYKTUB-
HOM HaAEXHOCTU U UX Pofb B AaNbHEMLUEM PasBUTUM METOAOB pacyeTa. MoapobHoe onvcaHue BEPOSTHOCTHBIX Me-
TOAOB OLIEHKN KOHCTPYKTMBHOWN HaaeXHocTn coaepxuntcsa B rnasax ILIII u MpunoxeHun B HacToswero PykoBoacTBa
2.

5.2 lonycTuMoe HarnpshxeHue

MepBbIM M3 MPU3HaAHHLIX MO BCEMY MUPY METOAOB pacyeTa KOHCTPYKUMM SIBNSIETCS METOA pacyeTa Mo AonycTu-
MbIM HanpsPKEHWUSIM, OCHOBAHHbIN HA NIMHENHOMN Teopun yrnpyrocti. OCHOBHOW CMOcob pacyeTa no AaHHOMY MeToay
MOXeT 6bITb NPeACTaB/eH B CeayioweM BUae:

O-max < Uper,eaeaper = O-crit /k (5)

KoachdmumeHT & (npeBblwatowmnii 1) aBnsieTcs eAMHCTBEHHOW 3aAaHHON B SIBHOM BMAE MEpPOW OLIEHKM, KOTOopas
AO/MDKHa Y4YUTbIBaTb BCE TUIMbI HGOHDEAGHEHHOCTGVI (HEKOTOpre HEABHO BblPpa)XX€HHbl€ Mepbl OLUEHKWN MOryT 6bITb

CKPbITbI). KpoMe TOro, TONbKO NIOKaNbHO MPUIIOKEHHOE BO3AelicTBue (HanpsxeHue) O, COMOCTaBMMO C IOMYCTU-

MbIM HanpspkeHnem o W, cnefoBaTenbHO, fokanbHoe (Ynpyroe) noBefeHue KOHCTPYKUMM MCMONb3yeTcs ans

per!
obecneyeHns ee HaAeXHOCTH. Haune>|<aLuero MeToda Y4YeTa reOMeTpMHECKOl‘/’I HEJ'IVIHGVIHOCTVI, pacnpeaeneHuns
HanpsXeHna U n1actTU4HOCTU CTPOUTENbHbIX MAaTEPMUANOB U 3JIEMEHTOB HE CYLIECTBYET. r|03TOMy, Mcnosb3oBaHne
METOAa pacyeTa No A0NYCTUMbIM Hanps)XeHUdaM, Kak npasunio, NpMeoanUT K CO3A4aHMIO KOHCEPBATUBHOIO M HESKOHO-
MWUYHOIro NpoekTa.

OpHaKo, rMaBHbIM HEAOCTAaTKOM METOAa pacyeTa Mo AOMYyCTUMbIM HaMpPsHXKEHUSIM SIBSIETCS OTCYTCTBUE AOCTATOY-
HOM BO3MOXHOCTW ANt PaCCMOTPEHUS| HEOMPEAENEHHOCTEN UHAMBMAYANbHBIX OCHOBHbLIX MEPEMEHHbIX, @ TaKXXe He-
XBaTKa BbIUUC/IUTENbBHBIX KOMMbIOTEPHBLIX MOAENEN ANS OLEHKWU perynmpytowero sddeKTa Harpysku 1 HecyLueii cro-
COBHOCTM KOHCTpYKLUMKM. CriefloBaTeNibHO, YPOBEHb HAAEXKHOCTU KOHCTPYKLIMIA, MOABEPTatOWMXCS Pa3/INYHbIM BO3AEN-
CTBUSIM, U U3rOTOBJ/IEHHBIX M3 Pa3HbIX MATEPUAsIOB, MOXET 6biTb HE TO/bKO 3aBbIlLEHHBIM (3KOHOMUYECKWU HEOonpaB-
A@HHbLIM), HO M 3HAUUTENIBHO PAsHALLMMCS.

5.3 06wmii ko3chcuumMeHT 3anaca NPOYHOCTU

BTOpOI LUMPOKO MCMONb3YIOWMIACA METOA pacyeTa KOHCTPYKUMM — 3TO MeToA obliero koadduumeHTa 3anaca
npoyHocTK. Mo CyllecTBy, OH OCHOBaH Ha pacyeTe, CBA3aHHOM CO CTaHAAPTHbIM MM HOMWHAJbHLIM 3HAUYEHWUSIMU
HecyLlen CNOCOBHOCTY KOHCTPYKUMM R U BO3AEWNCTBUSA Harpysku £, 3TO MOXET 6biTb OMUCAHO C/IEAYIOWIMM ypaBHe-
HUEM:

s=R/E>s, (6)

Takum 06pa3oM, 3HaueHne pacdeTHOro koadduumeHTa 3anaca NPOYHOCTM S AO/MKHO MPEBbIATh YkazaHHOe 3Ha-
yeHue S, (Hanpumep, S,=1,9, Kak npaBnno, HEO6XOAMMO ANA pacyeTa NMPOYHOCTU Ha U316 3/1EMEHTOB U3 XKeNe3o-

6eToHa). MeToa pacyeTa npu nomoLum obuiero koacdduumeHTa 3anaca NPOYHOCTM MbITAETCS YUYECTb NPEANONOXKEHNS
0 peasiMCTUYHOM MOBEAEHWUMN 3/IEMEHTOB KOHCTPYKLMM, M MX NOMEPEYHOM CEYEHUM, FEOMETPUYECKON HENMHEMHOCTH,
pacrnpeaeneHn HanpsKeHUs U MAACTUYHOCTM; B OCOBEHHOCTU MOCPEACTBOM PE3YNbTUPYIOLLMX 3HAUYEHWUI HECyLLen
CNOCOBHOCTU KOHCTPYKLUMK R 1 abdekTa Bo3aeNCTBUS £.

OnHako, Kak M B C/llyyae MeTo/a pacyeTa Mo AOMYCTUMbIM HanpsXKEHUSM, OCHOBHbIM HEAOCTAaTKOM 3TOr0 MeToAa
OCTaeTcs OTCYTCTBUE AOCTAaTOYHON BO3MOXXHOCTU PAaCCMOTPEHWUSI HEOMPEAENEHHOCTEN onpeaeneHHbIX OCHOBHbIX Be-
JIMYMH, @ TakxkKe HeXBaTKa TEOPETMUYECKUX MoAenel. BeposiTHOCTb paspylieHust MOXeT GbiTb onpeaenieHa, onsiTb-
Taku, TOIbKO OAHOW SIBHOW BENYMHOM, 06WMM KO3(hULMEHTOM 3anaca NpoYHocTH s. OUeBMAHO, BO3MOXHOCTb CO-
rnacoBaTb, KakoW YPOBEHb HAAEXHOCTU MPUCYLY PAa3NMYHLIM 3/IEMEHTAM KOHCTPYKLMM, W3rOTOBNEHHBIM U3 PasHbIX
MaTepUanoB, orpaH1yeHa.
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5.4 MeTtop 4YacTHbIX K03¢hhuLMeHTOoB

B HacTosiluee BpeMsi Havbonee NpoABMHYTLIM MPaKTUYECKMM METOAOM pacyeTa KOHCTpyKumu [1,2] sBnseTca me-
TOA YacTHbIX KO3(PPUUMEHTOB (MHOrAa OWMBOYHO Ha3biBAEMbIA METOLOM pacyeTa KOHCTPYKUMKM MO NpenesibHbIM
COCTOSIHMSIM), KOTOPbII 3a4acTylo MPUMEHSIETCS C YYETOM MOHATUS NPeAenbHbIX COCTOSIHUI (KpUTUYeckoe npeaenb-
HOE COCTOsIHWE, NPeaesibHOe COCTOSIHME 3KCMJTyaTaLlMOHHOW MPUIrOAHOCTY, NPeAenbHOE COCTOSIHWE BCIEACTBUE YCTa-
NOCTU KOHCTPYKLMM). ITOT METOA MOXKET 6bITb B LIEJIOM OMCaH Mpy NMOMOLLM CNefyIoLWEero HepaBeHCTBa:

E,(F,, f;,0,,0,)<R,(F,, f;,2,,0,) (7)

roe pacyeTHble rnokasaTtenu addekTa BO3AEUCTBUA £, U HECyLUel CrOCOBHOCTU KOHCTPYKLUMM R;onpeaensiorcs,
NCXOAS U3 PAaCHETHBIX 3HAUEHWUI OCHOBHBIX NEPEMeHHBbIX, XapakTepusylolumx Bosaelicteus [, = yy [, , ceoiicTea

matepuanos [, = F, / V. PA3Mepbl &, + A1 HeonpeaeneHHoCTN Moaeneil Hd. PacueTHble 3HayeHus 3TUX
BEMMYMH onpeaenstoTcs (C YY4ETOM pas/IMUHbIX HEOMPEAENeHHOCTEN) C NMOMOLLLID UX XapaKTEPUCTUYECKMUX 3HAYUEHUI
(Fk, ﬁ,ak,Hk), YaCTHbIX KO3(MOULMEHTOB ', KO3PDULMEHTOB OCNabnenns I , n Apyrux KONMYECTBEHHbIX NoKa-

3aTenei HaaexxHocTu. TakuM 06pa3oM, BCS CUCTEMA YacTHBIX KOIMMULUMEHTOB M APYrvX nokasaTenen HageXxHoCTu
MOXET 6bITb MCMOMb30BaHa ANA YNPaBieHUst YPOBHEM KOHCTPYKTUBHOM HaaexHoCTW. MoapobHoe onucaHue MeToaa
YaCTHbIX KO3 bULMEHTOB, UCNosb3yemMoro B EBpokoaax, npeacraBneHo B PykosoacTse 1.

B oTAMuMe OT OMMCaHHbLIX paHee METOdOB pacyeTa CTPyKTypa MeToda YacTHbIX KO3(PMhUUMEHTOB, OYEBUAHO,
obecreunBaeT 60sbLIYI0 BO3MOXHOCTb COMacoBaTh, Kako ypoBeHb HaAEXHOCTM MPUCYLL PasfvyHbIM TUMaM Coopy-
YKEHWI, U3rOTOBMEHHBIX U3 pa3fiMuHbiX MaTepuanos. OaHako, cnegyeT 06paTUTb BHUMaHWE Ha TO, YTO HU B OAHOM UX
NnepeyvncneHHbIX Bbllle METOAOB pacyeTa BEepOSTHOCTb paspylleHus HanpsMylo He yuuTbiBaeTcs. CnegoBaTenbHo,
BEPOSITHOCTb PaspyLUEHUSI Pa3/IMYHbIX KOHCTPYKLMIA, U3rOTOBNEHHbIX M3 PasfiMYHbIX MaTepuanoB, BCE-TAKK, MOXET
CYLLEeCTBEHHO BapbMpOBaTbCA, AaXe HECMOTPSi Ha NMPUMEHEHWE CNOXHbLIX npoueayp kanubposku. HeobxoauMo Bbi-
NONHEHVE AanbHeMWnX npoueayp BEpOSITHOCTHOW KanvMbpoBKM MokasaTenield HaAeXHOCTW. [1Ns 3TOro MOXHO MC-
MoNb30BaTh PEKOMEHAALMU, NPeACTaBNeHHbIE B MEXAYHapoaHOM cTaHaapTe I1SO 2394 [2] v eBponeickoM AOKYMeH-
Te EN 1990 [1].

5.5 BeposiTHOCTHbIE MeTOoAbI

BeposiTHOCTHblE MeToAbl pacyeTa, OMMCaHHble B MEXAyHApOAHOM CTaHAapTe [2], ocHoBaHbl Ha TpeboBaHMKM O
TOM, YTO B TE€YEHME CPOKa SKCM/yaTaumm COOPY>XeHUs 7 BEPOSITHOCTb paspylleHust PrHe AO/MKHA NpeBbiwaTh pac-
YETHOr0 3HaYeHNs Py UM MHAEKC HAAEXHOCTU ,b' [OJDKEH NpeBbILaTh ero pacyeTHOe 3Ha4YeHue ﬂd .

P, < Pumuf3> f3, (8)

B cranpgapte EN 1990 [1] OCHOBHbIM PEKOMEHAYEMbBIM 3HAYEHMEM MHAEKCA HAAEXHOCTU AN KPUTUYECKUX Mnpe-
AENbHbIX COCTOSIHWM ,Bd =3,8 COOTBETCTBYET PacyETHON BEPOATHOCTM paspyleHnss p,=7.2x107°, ans npeaenbHbIX

COCTOSIHMIA 3KCTyaTaLMOHHON MPUrOAHOCTY 3HaueHue pasHoe 3, =1,5 cooTBeTCTBYET p,=6.7x107. 3TN 3HaueHs

OTHOCSITCS K pac4eTHOMY CPOKy 3KcrlyaTauuu 50 neT, KOTOpbI yCTaHaBNMBAETCS NS KOHCTPYKUMIA 34aHWiA U Co-
OpY>XeHWI obLiero HasHaueHusi. B BOMbLUMHCTBE ChyyaeB, KOrAa Ansi MPOBEPKU KOHCTPYKTMBHOW HaAEXHOCTU UC-

MoNb3yeTcs KPaTKuiA 6a30BbIl NMepUos BpeMeHn (0AvH WM ABa rofa) criesyer UCMoNb30BaTh 3HaueHnst [, npesbi-
LIaKoLLME YKa3aHHbIE.

CnepyeT ynomsiHyTb, YTO BEPOSTHOCTHbIE METOAbI €lle He BOWM B 0BblYHYIO MPaKTUKY pacyeTa KOHCTPYKLUWW.
OpHako, cywecTsyloT pa3paboTaHHble mpoueaypbl pacyeTa M KOMMbOTEPHbIE MporpamMmbl (Hanpumep, cM. [7,8] u
[10]), koTopble NO3BONSAOT BbINOMHUTL NPSIMYIO MPOBEPKY KOHCTPYKTUBHOM HAaAEXHOCTU C UCMOSIb30BaHUEM BEPOSIT-
HOCTHbIX KOHLENUMIN M MMEIOLLMXCS OMbITHBIX AaHHbIX. HeaaBHO paspaboTaHHasi KOMMboTepHast nporpamma «Co-
deCal» [10] B nepByto o4epeab NpeaHasHayeHa Ansl KannbpoBKM HOPM Ha OCHOBE METOAA YaCTHbIX KO3 ULNEHTOB.

B rnaee II HacTosiwero PykoBoacTea 2 6y,qu npeacTtaBneHoO MHOMO NpUMEpPOB Ansa UAMKCTPaunn ONUCaHHbIX B
3TOW rnaBe METOMOB.

6. PacueT € y4yeToM OnbITHbIX AAaHHbIX

B HekoTOpbIX cryyasx HeobX0ANMO BbINOMHATD PacCyET Ha OCHOBE AaHHbIX, MOJIyYEHHbIX B XOoA4e UCMbITaHWI U
BbIHMCHEHMl)II, HanpuMmep, eciv OTCYTCTBYET MoaxoAsiluas BbluMCiuTeNbHas Modenb. McnbiTaHns BKOYaloT B cebs
BCEBO3MOXHbIE MEeTOAbl TECTUPOBaHUA, HaynHas OT WCCreaoBaHnin B aapo,qleaMmquI(on pr6e [0 UCMbITAHWUN
OMbITHbIX 06pa3uOB HOBbIX KOHCTPYKUMOHHbIX MatepuanoB, 3/IEMEHTOB WIN C60prIX KOHCTDYKLI,VH‘/’I. WcribiTaHns mMo-
ryT TaKXXe NpoBOAUTbCA B XOAE CTPOUTENBCTBA WX MO €ro 3aBepLUEHNUN ANna NOATBEPXAEHUSA npe,qnonomeHMﬁ, cae-
JTAHHbIX B XO4€ pacyeTa KOHCTPYKUUWU. 3KCTDEMaJ'IbeIM NpUMepoM MOXET CNYXWTb MakCcuMManbHaa Harpyska. Ans
pacyeTa KOHCTPYKUMKM MOryT UCNOJIb30BaTbCA crieaytowne Tunbl UCTbITaHWN:

10
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a) WCMNbITaHWst AN HEMOCPEACTBEHHOMO OMpPEeAeneHnsl NPOYHOCTY KOHCTPYKLMM NPpY 3aAaHHbIX YCIOBUSIX Harpy-
XKEHUs;

6) ncnbiTaHnAa Anga onpeaeneHna CI'IELI,Md)VI‘-IeCKMX CBOWCTB MaTepuana,

B) UCMbITaHWUS! AN CHUXKEHUSI HEOMPEeAENeHHOCTU MOAENEei, CBSA3aHHbIX C Harpy3kol, 3heKTOM Harpysku uam
MOAENSIMU HecyLUein CrnocobHOCTY.

McnblTaHne AOMKHO NPOBOAWTLCS U OLIEHUBATLCS TakuM 06pa3oM, UTo6bl MOXHO bblo obecneunTtb 06bIYHO Tpe-
6yeMbIi1 ypoBEHb HaaeXHOCTU. Mpy onpeaeneHMn XapaKTePUCTUYECKOrO UM PAcYETHOMO 3HAYeHUs crefyeT YunTbl-
BaTb Pa3bpoc 3KCMepUMEHTaNbHbIX AaHHbIX, CTAaTUCTUYECKYID HEOMpPEeAeNeHHOCTb, MPUCYLLYI0 psdy UCMbITaHWi, a
TaKXKe paHee NosyuYeHHble CTaTUCTUYECKVe AaHHble. B cnyyae, ecny noBeaeHne KOHCTPYKLMM WK ee 3NIeMeHTa unn
COMpPOTUBNEHNE MaTepuanoB 3aBUCUT OT BO3AEWCTBUIM, HE MU3YUEHHbIX B XOAe MPOBEAEHUSI UCTIbITAHUA B AOMKHOM
Mepe, TaKuX, Hanpumep, KaK BMSIHWE ANIMTENbHOCTY UK MacliTaba, Heo6XoaAMMO BHECTU MOMNpPaBKy.

Mpy OLIEHKE pe3ynbTaTOB MCMbITaHUIA NOBEAEHWE WUCMbITATENbHBIX 0O6PasLOB M XapakTep paspylleHus chemyer
CpaBHMBATb C TEOPETUYECKMMI MPOTrHO3aMU. B ciydyae CylecTBEHHOrO OTKIOHEHUSI OT MPOrHO3a HEO6X0AUMO HalTU
o6bscHeHWe. [Ins 3Toro, BO3MOXHO, NOTPe6YeTCs NPoBeAeHUE JOMNONHUTENBHBIX UCMbITAHUIA, MOXET 6biTb B ApYruX
yCcnoBusx, unun 6yaet HeobxoamMa MoaMbUKaLIMS TEOPETUYECKOK MOAENN.

[lns OUEHKM pe3ynbTaToB MCMbITAHUI CNeayeT UCMoMb30BaTb CTaTUCTUYECcKMe MeTodbl. B EBpokodax WMCMonb3y-
l0TCSl KaK 6aileCoBCKMIA METOA, TaK M K/IaCCMYECKMe 4acTOTHble MeToAbl. Mpu UCMOoMb30BaHWUM MOCTIEAHUX CrieayeT
33/aTb rpaHuLbl MHTEPBana A0CTOBEPHOCTU. LLIMpvHa nHTepBana AOCTOBEPHOCTU MOXET BNIMSATb HA MTOrOBOE 3HaYe-
Hue. B cpegHeM, rpaHuua AOCTOBEPHOCTU, cocTaBnstowas 0,75, BeAeT K NonyyeHuIo Takoro e pesynbTaTta npu no-
Mol GaiiecoBckoro MeToaa. MoaToMy B 60/bLIMHCTBE Clly4YaeB 3a4aeTcs 3HAUYEHWE paHuLibl LJOCTOBEPHOCTU paBHOE
0,75, X0Ts Mcnonb3ytoTcs 1 aApyrue 3HadeHust (Hanpumep, 0,85 B ctaHaapTte EN 1995).

B «OcHoBax NpoeKTMPOBaHWs» MpeanoYTeHNe oTAaeTcs 6alileCOBCKMM MEeTOoAaM, KOTopble, B LieNioM, B 6onbLuei
CTEMNEHN COOTBETCTBYIOT COBPEMEHHON TEOPUM HAAEXHOCTU, YeM YacTOTHble MeToabl. Kpome Toro, 6aiecoBckue Me-
ToAbl obecneuvBaloT popManbHY OCHOBY A1 UCMONb30BaHWUS HAKOMEHHBIX paHee 3HaHWM, KOTopble HEOBXOANMBI,
0CoBeHHO ecnv UcnbiTaTenbHble 06pa3Lbl MMET HEOOMBLLON pa3Mep U NPUMEHSIIOTCS MeTOAbl KOHTPOSIS KavecTsa. B
6onblumnHcTBE EBpOKOAOB coaepxaTtcs ocobble npaBuna paboTbl ¢ 06pa3uamn HeboNbLWIOro pasmepa, HO, Kak npasu-
no, opMasbHas OCHOBa OTCYTCTBYET.

MpaBuna pa3paboTkyM M OLEHKM pacyeTa KOHCTPYKLUMM MOCPEACTBOM MPOBEAEHWSI UCTbITaHUIA MPEeACTaBeHbl B
MpunoxeHun D ctaHaapta EN 1990 «OcHoBbI NpoekTMpoBaHus». MoapobHoe onvcaHue u paboune npumepsbl npea-
CTaBneHbl B MpunoxeHun A HacToswero PykosoacTtea 2.

7. 3aknroueHue

OCHOBHbIe MOHATUSA BepOFITHOCTHOVI TEOPUN HAAEXHOCTU MOXHO OXapaKTepu3oBaTb NMpU NoMown ABYX 3KBMBA-
JIEHTHbIX TEPMUHOB — BEPOSATHOCTU pa3pylleHns Prn UHAEKCa HaAeXHOCTU ﬂ XOTS MpU MOMOLUM 3TUX BENNYUH

MOXXHO MOJTYYUTb JIULLb OrPAHNYEHHOE KOJTMYECTBO MHGOPMaLmMmM 0 (hakTUUYECKOW YacToTe paspyLUEHUIA, OHW OCTatoT-
€S Hanbosee BaXKHbIMU U LUMPOKO UCMOSIb3YEMbIMU MEPAMU OLIEHKM YPOBHS KOHCTPYKTMBHOW HaAEXHOCTU. 3TU Mepbl
noMoryT 3peKTUBHO WUCMOSb30BaTh TEOPUID KOHCTPYKTUBHOW HAAEXHOCTU AN AaNibHEWLLEro COrnacoBaHUs 3re-
MEHTOB HaAA&XKHOCTU, a TaKxke Ans yriybneHHOro npvMeHeHus o606LEeHHOro MeTofa AJis HOBbIX MHHOBALMOHHBIX
KOHCTPYKUMI U MaTepuasos.

Meproanyecknin NepecMoTp MEeTOAOB pacyeTa, MPUHSTLIX Ha BOOPYXEHWE MO BCEMY MUPY ANl NMPOBEPKU KOH-
CTPYKTUBHBIX 3/1EMEHTOB, YKa3blBaeT Ha CyLLECTBOBaHWE pasHbiX METOAOB PacCMOTPEHWs HeonpeaeneHHOCTel oc-
HOBHbIX MEPEMEHHbBIX W BbIUMCIUTENbHBIX Moaenen. MeTod AOMYCTUMbIX HanpshDKEHWIM Ha MpaKTUKe OKasblBaeTcs
AOCTATOMHO KOHCEPBATUBHLIM (M HEIKOHOMMYHBIM). MeToa obuiero koadduumeHTa 3anaca NPOYHOCTU U MeTof
YaCTHbIX KO3(PDOULMEHTOB NPUBOAAT K TOMY Xe pe3ynbTaTy. O4UeBMAHO, YTO METOA YacTHbIX KO3(PdULUMEHTOB, adan-
TUPOBaHHbIN B HEAABHO M3AaHHbIX AOKyMeHTax cepumn EN, npefcraBnsiet coboii Havbornee NPOABUHYTHLIN METOA pac-
yeTa, C NOMOLLbBI0 KOTOPOro MOXHO A06UTLCA HaAneXallero YpoBHS HafeXHOCTU, OTHOCUTENbHO NPUOAMXKEHHOMO K

pekomeHayemoMy B ctaHaapTe EN 1990 3HayeHuto (,B = 3,8). Hanbonee 3HauMMbIM NpPeMMyLLECTBOM METOAA YacT-

HbIX K03(D(MDULIMEHTOB SBNSIETCS BO3MOXHOCTb y4YeTa HEOMPEeAeNEHHOCTV UHAMBUAYaNbHLIX OCHOBHBIX MEPeMEHHbIX
MOCPEeACTBOM KOPPEKTUPOBKM (KaiMBPOBKM) COOTBETCTBYIOWMX YaCTHbIX KO3(@UUMEHTOB U APYruX MapameTpoB
HaAEXHOCTU.

YacTMYHO pa3fiNyHbIE KPUTEPUU HAAEXKHOCTM (XapaKTEPUCTUYECKME 3HAYEHUs!, YacTHble KO3(MULMEHTBI M KO-
3 drUMEHTbI 0cnlabneHuns) B HOBbLIX CTaHAApPTax Mo pacyeTy KOHCTPYKUMW C MCMOJIb30BaHUMEM METOAA YacTHbIX KO-
3ULMEHTOB OCHOBaHbI Ha BEPOSITHOCTHLIX METOAAX KOHCTPYKTMBHOW HaAEXHOCTM, @ YacTuuHo (B 6onbLueii cTene-
HM) Ha 3HAHMAX, NOMYUYEHHbIX MPU NPOBEAEHUN UCMbITaHWIA. OYEBUAHO, YTO paHee NPUOBPETEHHBIN OMbIT 3aBUCUT OT
NoKasbHbIX YCIIOBUI — BO3AEMCTBUIA OKPYXXAtOWeEN Cpeabl M TPaAVMUMOHHO MCTONb3YEeMbIX CTPOUTENbHLIX MaTepua-
NOB. 3TW acnekTbl MOryT 6biTb pa3HbIMU B pasHbiX CTpaHax. Mo3ToMy, B KaX[0o1 CTpaHe cleayeT BbibupaTb COOTBET-
CTByIOLUME NOAXOAALIME SNIEMEHTHI HAAEXHOCTM M MapaMeTpbl, U3 TEX, KOTOPbIE NPEACTaB/eHbl B HACTOSILLEM KOM-
MnekTe eBpPONENCKNX CTaHAAPTOB.
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OKa3bIBaeTCA, UTO AaNbHelIIee CorlacoBaHE MMEIOLMXCSA B HACTOsILLEE BPEMSI METOAOB pacyeTa OCHOBaHO Ha
CTaHAapT3aumMu npoueayp, ONTUMM3aLUMM METOAO0B W APYrMX paLMOHaNbHbIX MOAXOAAX, BKKOYAs MCMOSb30BaHME
METOZIOB TEOPUM BEPOSITHOCTM, MAaTEMATUYECKOW CTAaTUCTMKM U TEOPUU HAAEXHOCTU. BEpOATHOCTHble METoAbl KOH-
CTPYKTMBHOW HAAEXHOCTU ABNAIOTCA Hanbonee 3HauMbIM Cnoco60M MOCTEMEHHOMO YyYLLEHUS U aganTaumun MeToaa
YaCTHbIX KO3MOUUNEHTOB A1 Pas/INUHbLIX KOHCTPYKLUMIA, M3rOTOBEHHbIX M3 pasHbiX MaTepuanos. Kpome Toro, pas-
paboTaHHble KOMIMbIOTEPHbIE MPOrpamMMbl MO3BOMSAOT MPUMEHATb METOAbLI TEOPUM HAAEXHOCTM HaMpsMylo Ans npo-
BEPKN KOHCTPYKLMIA C UCMO/b30BAHUEM BEPOSATHOCTHbBIX MOHATUI U UMEIOLLIMXCS B HA/IMUMKN A@HHBIX.

Pacuet ¢ YYETOM OMbITHbIX AaHHbIX MOXET 6bITb MCMONBL30BaH TOoraa, Korga OH AO/MKEH OCHOBbLIBATbCA Ha co4de-
TaHWUM UCTIbITAHUIA 1 BbIYMCTIEHUIA. MICMbITaHWs MOMyT BKJItOYaTb B cebsl BCEBO3MOXKHbIE METOAbI TECTUPOBAHUS, Hauu-
Hasi OT MCCNeAOBaHWI B aspoanHaMMUyeckon Tpybe A0 MUCNbITaHUI ONbITHBIX 06Pa3L0B HOBbLIX KOHCTPYKLIMOHHBIX Ma-
TEPUANoB, 3NIEMEHTOB UM COOPHBIX KOHCTPYKUMI. UCMbITaHWS MOMYT TakxKe NPOBOAUTLCS B XOA€ CTPOUTENLCTBA MK
MO €ero 3aBeplleHnn ana noareepXaeHud I'Ipe,ElI'IOJ'IO)KeHVIIZ, CAENaHHbIX B XOAE pacyeTa KOHCTPYKUUW. PeKOMeH,qye-
Mas npakTudeckas npoueaypa [1] onucaHa B rnaee IV Hactosiwero Pykosoactea 2.

Cnucok nutepaTypbl

[1] EN 1990 Eurocode - Basis of structural design. CEN 2002.

[2] ISO 2394 General principles on reliability for structures, ISO 1998.

[3] JCSS: Background documentation, Part 1 of EC 1 Basis of design, 1996.

[4] Gulvanessian, H. - Calgaro, J.-A. - Holicky, M.: Designer's Guide to EN 1990, Eurocode: Basis of Structural De-
sign; Thomas Telford, London, 2002, ISBN: 07277 3011 8, 192 pp.

[5] ICSS: Probabilistic model code. JCSS working materials, http://www.jcss.ethz.ch/, 2001.

[6] EN 1991-1-1 Eurocode 1 Actions on structures. Part 1-1 General actions. Densities, self-weight, imposed loads
for buildings, CEN 2002

[7] VaP, Variable Processor, version 1.6, ETH Zurich, 1997.

[8] COMREL, version 7.10, Reliability Consulting Programs, RCP MUNICH, 1999.

[9] ISO 13822. Basis for design of structures - Assessment of existing structures, 1SO 2001.
[10] CodeCal, Excel sheet developed by JCSS, http://www.jcss.ethz.ch/.

MpunoxxeHus
ATTACHMENTS
1. MATHCAD sheet "Beta-Time.mcd”

Mathcad sheet "Beta-Time" is intended for transformation of probability and reliability index Beta" for different
reference periods.

Attachment 1 - MATHCAD sheet “"Beta-Time.mcd”
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rNABA II. BA3OBbIE METO/bl OLLEHKWU HALEXXHOCTU KOHCTPYKLIMA I
Munan Monnukn® n Ton ®poysaHdenaep?
! MHcTuTyT M. KnokHepa, Yelwckuii TexHuueckuii yHusepeuTeT B Mpare, Yelckas pecnybnmka

2 lendbTckMit TeXHUYECKUA yHMBEpCUTET, HuaepnaHackas opraHu3aums NpUKNaaHbiX HayuHbIX MCCNeaoBaHuii B
chepe cTponTenscTea, HuaepnaHas

KpaTtkas uHcdopmauus

XapakTepuctvka 6a30BbiX METOAOB OLIEHKW HAAEXHOCTU KOHCTPYKLMI AAETCS Ha OCHOBE OCHOBHOMO Ciydast C
ABYMS CJlyYalHbIMK MEPEMEHHBIMM, MPU KOTOPOM (DYHKLUMS NMPeAenbHOr0 COCTOSIHMS CchopMynMpoBaHa Kak pasHuua
MexXay MonyyYeHHOM Hecyllel CnocobHOCTbI0 KOHCTPYKLMM U BO3AEWCTBMEM Harpysku. MepBoHayasnibHoe AonylueHue
0 HOpMaJIbHOM pacnpeaeneHun obenx nonyyYeHHbIX nepeMeHHbIX 0boblaeTcs Ao Nboro TMna pacnpeseneHns Be-
posiTHocTel. OnMcaHHbIe METOAbl PaCcYETOB NMPOMIIIOCTPUPOBAHbI PSAOM YMCIEHHBIX NMPUMEPOB, KOTOpble NpuBede-
Hbl B Tabnmuax MATHCAD u EXCEL. JononHuTenbHas nHgopMaumst 0 6a30BbiXx MeETOAAX OLEHKN HaAeXHOCTM KOH-
CTPYKUMIA NpeacTasnieHa B MpunoxeHun B.

1. BBeaeHune
1.1 CnpaBouHble MaTepuasbl

OCHOBHblE NMOHATUS U METOAMKM OLIEHKN HAAEXHOCTU KOHCTPYKLMIA NOAPOOHO OMnMcaHbl B psiae HaLMOHaNbHbIX
CTaQHAAPTOB, B HOBOM eBponeinckoM ctaHaapte EN 1990 [1] u mexayHapoaHoM ctaHaapte ISO 2394 [2]. JononHu-
TENbHYI0 WMH(OPMALMIO MOXHO HalTU B CMpaBOYHOM [AOKYMEHTE, pa3paboTaHHOM «O6beaMHEHHbIM KOMUTETOM
HaIeXXHOCTM KOHCTPYKUMin» (JCSS) [3] n B HeaaBHO onyb6nMKOBaHHOM PYKOBOACTBe K cTaHaapTy EN 1990 [4]. Pyko-
BOACTBO MO MPUMEHEHWUIO BEPOSITHOCTHBIX METOA0B HAZIEXXHOCTU KOHCTPYKLMIA MOXHO HalTW B Mybnukaumsx u pabo-
YMX MaTepuarax, NoAroToBMeHHbIX «O6beANHEHHBIM KOMUTETOM HaAEXHOCTU KOHCTpykumin» (JCSS) [5] n B cooTBeT-
CTBYIOLLEW NUTEpPATYpe, NpuBeaeHHon B [4] v [5].

1.2 OCHOBHbI€ NMPUHLMUNDI

Teopusi HaAEXHOCTU KOHCTPYKLIMIA pacCMaTpUBAET BCE OCHOBHbIE NEPEMEHHBIE KaK C/lyYaliHble BENMUMHBI, 0bna-
[alolmMe COOTBETCTBYIOWMMU TUMaMK pacnpefeneHnsl BeposTHoCTel. [ns BO3AEMCTBUI, CBOWCTB MaTepuasioB M
reoMeTPUYECKUX AaHHbIX HEOBXOAMMO paccMaTpuBaTb pas/MYHbIE TUMbI pacnpeaeneHuit. KpomMe Toro, Heo6xoanMo
NpUHUMaTb BO BHUMaHWE HEOMNpeaeNeHHOCTU MOAENe BO3AEUCTBMIN M Moaenel Hecylleir cnocobHocTu. Mpeasapu-
TeNbHblE TEOPETUUECKNE MOZENN OCHOBHBIX MEPEMEHHBIX Y METOAMK AN BEPOSTHOCTHOrO aHanmsa ykasaHbl B 10KY-
MeHTax «O6beaMHEHHOrO KOMUTETA HAZIEXXHOCTU KOHCTpyKUmit» (JCSS) [5].

2. OCHOBHbI€ C/ly4an HaleXXHOCTU KOHCTPYKLUIA
2.1 O6wme nonoxkeHns

[naBHasi 3aA4a4a TEOPUM HAAEXHOCTU KOHCTPYKLIMIA CBA3aHa C OCHOBHbBIM TPEGOBAHMEM K COOTHOLLEHMIO 3ddekTa
BO3AENCTBMA £ 1 Hecylliei CroCoBHOCTU KOHCTPYKLMN R, chopMynMpOBaHHON B BUAE HEPABEHCTBA

E<R (@)

Ycnosue (1) npeactaBnsieT coboi xenaemoe (yAOBNETBOPUTENLHOE, 6€30MacHOe) COCTOsIHME PacCMaTPUBAEMOro
3/IEMEHTA KOHCTPYKUMU. MNpeanonaraeTcs, YTO paspylleHne KOHCTPYKUMKU Npou3oiaeT Toraa, koraa ycnosue (1) He
6yaeT BbINONHATLCSA. TakuM 06pa3oM, npeanonaraeMoe yeTkoe (OAHO3HAYHOE) pasfiMuMe Mexay XesaembiM (6e3-
OMACHbLIM) U HEMPUEMEMBIM COCTOSIHMEM (pa3pyLLEHMEM) KOHCTPYKLMW AaHO B BUAE YPaBHEHUS:

R-E=0 ()

B ypaBHeHuM (2) npeacTaBneHa OCHOBHasi popMa rpaHuLbl pas3pyLieHUs], HasbiBaeMasi hyHKLMEN MpeaenbHOro
coctosiHua (dyHkumen pabotocnocobHocTM) (M. Takxke rnaBy I HacToswero PykoBoactBa 2). CneayeT OTMETUTS,
UTO A/ HEKOTOPbIX 3NIEMEHTOB M MAaTepUanoB KOHCTPYKLMIA NPeANONoXeHNe O YETKOW FpaHuLLe paspyLUeHUs MOXET
6bITb BECbMA YC/TOBHbIM, Y MOXET 6bITb MPUHSITO TOMBKO NPUGAM3NTENbHO. TakoM Cllyyall MokasaH B ClefyioleMm
Mpumepe 1.

Mpumep 1.
CTanbHOil cTepXKeHb, M306paXeHHbIl Ha puc. 1, 0bnafaeT NPOYHOCTbIO Ha paspbie R = 7rd2f, /4, rne d—

LMaMeTp CTepxHs, a f — npeaen TekyuyecTu. Bec Harpysku Ha cTepxeHb coctasnsier £ =Vp , roe V— obbem, a

v

£ — TJIOTHOCTb O6BEMHOM MacChl rpy3a. TakuM 06pa3oM, HepaBeHCTBO (1) MMeeT Bua:
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Vp<md®f,/4
Toraa dyHKUMS NpeaenbHoro coctosiHus (2) 6yaet nmeTtb BUA:
md’f,/14-Vp=0

B maHHOM npuMepe npefesibHoe COCTOSHUE OMPEAENsAeTCs Kak COCTOSIHUE, NMPU KOTOPOM HAaMpshKEHWE CTEPXKHSA
AOCTUTHET npefena TeKy4YecTy fy. [laHHOe ynpoLLeHMe AoNYCTUMO BO MHOMMX O6LIMX C/ly4Yasix, OAHaKo (B 3aBUCU-
MOCTW OT TUMa KOHCTPYKLMOHHOWM CTanu), OHO MOXET He COOTBETCTBOBATb (haKTUUECKOMY paspyLIEHMIO CTEPXHS. B
YaCTHOCTW, KOrAa MCMosb3yeTcss NIaCcTUYHAs KOHCTPYKLIMOHHAsA CTanb C AeOpPMaLMOHHBIM YPOYHEHWEM, TO paspy-

WweHue (pa3pbiB) NPOM30MAET, KOrAa HanpsbkeHue AOCTUrHET rpeaena NPOYHOCTU CTanu, 3HAUYMTENbHO MpPEeBbILLAto-
Lero npeaen TekyyecTu.

Mpy npoBeAeHMM BCEX UMCIEHHBIX pPacYeToB MOryT ucrnonb3oBaTbcs Tabnuubl MATHCAD SteelRod.mcd,
DesVRod.mcd, npuBeseHHbIE B NPUNOXKEHUN.

R

1D

v

Puc. 1. CtepxeHb.

O6e nepeMeHHble £1 R, Kak NpaBusio, SIBASIOTCS CyYaiHbIMU BENMYMHAMM U CNpaBeasIMBOCTL HepaBeHCTBa (1)
He MOXeT 6bITb abCONMOTHO rapaHTUPOBaHa, T.e. UMETb BEPOSITHOCTb, PaBHYtO 1 (MosiHasi yBepeHHOCTb). TakuM 06-
pa3oM, Heo6X0AMMO NPU3HATbL, YTO MNpeseribHOe COCTOsIHWE, NPeACTaBIeHHOe B YpaBHEHUM (2), MOXET 6biTb NpeBbI-
LIEHO, M pa3pyLUeHNe MOXET NMPOU30KTH C HEKOTOPON Aonei BeposTHOCTU. KtoueBoii 3aaadeil TEOpUU HaaeXHOCTU

ABNAETCA OLUEHKA BEPOATHOCTU paspyLlUeHUs [)f n onpeaenexHmne HeobxoanMbIX YCJ'IOBMI‘/JI Ana orpaHn4yeHunsa 3Tol Be-

NNYMHBL. NS BbINOJTHEHMSI NPOCTOrO YCN0BUSI B Bue HepaBeHCTBa (1) BEpOSITHOCTb paspyLUeHUst MOXET BbITb dop-
ManbHO NpeacTaBneHa B BUAE:

P.=P(E>R) 3)

CnyyvaiiHbli xapakTep acdekTa Bo3AENCTBMS £ U HeCyllei CnoCcoBbHOCTM R, KOTOpbIE BbipaXXeHbl NMOCPeACTBOM
noaxoAasilei nepemMeHHol (nokasaTens npous3BOAMTENbHOCTU) X (T.e. HanpsKeHUs, Cusbl, M3rMbatoLero MOMEHTa,
nporn6a), kak MpaBwio, XapaKTepU3yeTCs COOTBETCTBYOWEN (YHKUMEN pacrnpeaeneHusi, a UMeHHO, yHKUMSMM
pacnpegenenns O x ), Oz X ) n COOTBETCTBYIOWNMUN (DYHKLMAMM MIIOTHOCTU BEPOSTHOCTM P X ), QA X ), rae X
— obliast ToYKa paccMaTpVBaEMON MEPEMEHHOM X, UCMOMb3yeMOii AN BbipaXkeHWs 0benx nepemMeHHbix £u R. Pac-
npeaeneHns nepeMeHHbIX £ 1 R fanee 3aBUCAT OT COOTBETCTBYIOLLMX MapaMeTpoB, HanpuMep, OT NMapaMeTpoB MO-
MEHTOB g, Og W [z, Og N Wg. danee npeanonoxum, 4to £u1 R B3aMMHO He3aBMCUMMbI (4TO AOCTUraeTcs NyTeM CooT-
BETCTBYIOLLMX NPeobpasoBaHuii).

Ha pwuc. 2 npuBeaeH npuMep GyHKUWUIA NNOTHOCTU pacnpeaeneHns BEpOSTHOCTU 06enX NepeMeHHbIX £u R, U UX
B3anMonosnioxeHue. Tunbl pacnpeaeneHns U ux napaMmeTpbl Ha puc. 2 NpuBeAeHbl C LeNblo AeMOHCTpauun. B vact-
HOCTM, NapameTpbl MOMEHTOB (CpeAHMe 3HaYeHUsI U CTaHAAPTHbIE OTK/IOHEHUSI) MOTYT paccMaTpuBaTbCa Kak OTHOCK-
TeNbHble 3HAYeHMs!, BbIPaXXEHHbIE B MPOLIEHTHOM COOTHOLUEHWM OT CPEAHEro 3HaueHWsl Hecyllen CroCoBHOCTU Lk
(T.€. HOPMUPOBAHHOW C NOMOLLBIO Lg).

Cnepyet OTMETUTb, YTO (DYHKLMM MAOTHOCTU pacnpeaeneHnust BeposSTHOCTU OA X ) U Qg X ), NPUBEAEHHbIE Ha
puC. 2, NepecekatoTcs, U, TakuM 06pa3oM, CTAHOBUTCS SICHO, YTO HEGNAronpusTHbIE peanuaaumnm nepeMeHHbIX £u R,
0603HaueHHble CTPOYHLIMU BYKBaMM € U £, MOFyT OKa3aTbCsl B COOTHOLLEHUU € > /; T.e. BO3AEUCTBUE Harpysku rpe-
BbICUT 3HA4YeHWe Hecyllel CrnocobHOCTH, BCIEACTBUE YEro NpoM3onaeT paspyLieHue. OYeBMAHO, YTO A TOrO, YTO-
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6bl ynepxueaTb BeposiTHOCTb paspyleHust P, = P(E > R) B npesenax AonycTUMocTy, napaMeTpbl NepeMeHHbIX £

M R OOMKHbI COOTBETCTBOBATL OMpPEAENEHHbIM YCNOBUSAM (CBA3aHHLIM C B3aMMHbIM PACMOOXEHMEM U BapuUaLMsaMu
060MX pacnpeaeneHuit) B 3aBUCMMOCTM OT TUMOB pacnpeaeneHus.

Probability density @x(x), ®r(x)

Load effect /<
0.06 | M
Gamma distributign,
| =170, op=17 Resistance R
log-normal distribution,
0.02
0.00 | , ‘ ‘ , ‘ ‘ . .
40 60 80 100 120 140

Random variable .Y

MnoTHOCTb BepOSITHOCTU @ (X), @, (X)
Bospeiicteune Harpysku £ ramma-pacnpeenenue, (i, =100, o, =10

Hecyuwas cnocobHocTb R, norapudmmyeckn HopMasbHoe pacrnpeaenenune, (i, =100, o, =10
CnyuyaiiHasi nepeMeHHas X
Puc. 2. 3¢ddexT Bo3geincTBua £ 1 Hecylasa cCNoCO6HOCTb R Kak CrlyyaiiHble nepeMeHHble.

Xenaemble ycnosus, HECOMHEHHO, ByayT BKIOYaTb TPMBMANIBHOE HEPABEHCTBO g < Wz (CM. puc. 2). OueBnaHo,
YTO AaHHOe «TpeboBaHWE K B3aMMOMONIOXKEHNIO» 060OMX pacrpeaenieHnii He SIBSIETCS AOCTaTOYHbIM YCIOBUEM AJIS
obecrneyeHns ykasaHHON BEPOSTHOCTU paspyLLEHUs] Pf BepHble ycnoBus AO/MKHbI TakXKe BKIOYaTb YCIOBUS Ans
Bapuaumii 0benx nepemMeHHbIX. bonee nogpobHo 3To 6yAeT pacCMOTPEHO MPU AasibHEWLWEM 06CYXXAEHUM OCHOBHbIX
NPUMEPOB OLIEHKN HAAEXXHOCTU KOHCTPYKLIMIA.

2.2 OCHOBHbIE CJ/ly4au OLl€HKMN C OAHOI C/lyvyaiiHO NepeMeHHOoN

[Onsi Hayana pacCMOTPUM YacTHbIM Crlydyali, Korfa oAHa M3 MepeMeHHbIX £ unu R, Hanpumep, addekT Bo3aen-
CTBUS £, UMeeT OYeHb HU3KYI0 (NpeHebpeXxnMo Manyio) M3MEHUYMBOCTb MO CPaBHEHUIO C U3MEHUMBOCTBIO HeCyLUel
crnocobHocTM R. B TakoM crydae £ MOXET paccMaTpuBaTbCsl Kak HecnyvaiHasi (4eTepMUHMPOBaHHAs) nepeMeHHasi,
T.e. Takas nepeMeHHasi, KoTopasi AOCTUraeT OnpeaesieHHOro (UKCMPOBAHHOMO 3HAYeHUs EO(E = EO) B KaXaow
CBOeil peanuzaumn. [JaHHOe AOMyLIEeHWE, HECOMHEHHO, MOXET pacCMaTpMBaTLCS Kak anmnpoKCMMauusi B HEKOTOPbIX
npakTUyeckmx cnyyasix. OAMH U3 Takux Clly4aeB — MOABEPXKEHHbIV HarpysKe CTanbHoW cTepxeHb u3 Mpumepa 1, B
CNlyyae C KOTOpPbIM BeC MOABELLEHHOrO rpy3a MOXeT ObiTb onpeaenieH A0CTaTOYHO TOYHO (T.e. 6e3 3HauuTeNnbHOM
HeonpeaeneHHoCcTH). [aHHbIl YacTHbIA crydald n306paxeH Ha puc. 3, rae addeKT Bo3AehCTBMS NpeacTaBneH ¢uk-
CMPOBaHHbIM 3HayeHveM & = 80 (e = 80, 0r = 0) 1 Hecywas cnocobHOCTb MO NorapnudMUUEckn HopManbHOMyY pac-

npeaeneHnto UMeeT cpeaHee 3HaveHne Wi = 100, oz = 10 (BCe YMCeHHbIe AaHHbIE HOpMann3oBaHbl Ao 6e3pasmep-
HbIX BEJINYUH).

BeposiTHOCTb OTkasa F: B AaHHOM YacTHOM Crydae AETEePMUHUPOBAHHOTO BO3AENCTBUS HArpysku, M306paxeH-

HOM Ha puC. 3, MOXET OLIEHMBATLCSA HAMPAMYIO C MOMOLLbIO GYHKLUMKU pacripeaeneHnst O X ) No aHanorMm C KBaHTu-
neM. 3HayeHne & MOXHO MPOCTO OMNpeaennTb Kak KBaHTWUMb Hecyllen CrocoBbHOCTU R, ANt KOTOPOro BEpPOSITHOCTb

P. Moxet 6biTb paccunTaHa NoCPEACTBOM ClIEAYIOLIEro YPaBHEHUS:
P, =P(R<e))=D,(e,) 4
3HaueHve dyHKuMM pacnpepenenns Oz (&), Kak NpaBuno, onpeaenseTcs no TabnuuaM CraHaapTU3MPOBaHHOI

C/TyYyaliHOW BeNMUMHBLI U, Ansi KOTOPOW BbIYMCISIETCS 3HAUYEHME Ly, COOTBETCTBYIOWLEE £y. DTO creayeT u3 obLien
¢opmynbl Npeobpa3oBaHns:

16



Implementation of Eurocodes Handbook 2

u, =(e,4-o0y)/ o, (5)

Probability density ¢r(x)

0,06
Deterministic load effect £
'eg =80 (44 = 80, op=0) ,  Random resistance R:
i Log-nomal distribution,

0,04 | \ ™\, 1z = 100, 0 =10

0,02

0,00 . | | g

40 60 80 100 120 140

Random variable X
MNOTHOCTL BEPOSITHOCTU (P, (X)

JeTepMUHMpOBaHHOE BO3AENCTBNE Harpy3ku £: ey= 80, (L, = 80,0, = 0)
CnyyaliHas Hecylas CrnocobHocTb R, norapucMuyecky HopManbHoe pacnpeaeneHue,
Hp=100, 0,=10
CrnyyaiiHasi nepemMeHHas X

Puc. 3. fleTepMMHMpoBaHHOEe 3HaueHne 3¢pdekTa Bo3aelCTBUiIi £ U ciyuyaiiHoe 3HaueHue HecyLlein
cnoco6HocTH R.

BeposTHOCTb paspyllueHns 6yaeT AaHa creayiowmM obpasoMm:

P, =P(R<e))=D;(e)) =D, () (6)

roe CDU(uO) — 3HayeHue yHKUMM pacnpeaeneHus CTaHAapTU3MPOBAHHOM CNy4alHOW BeWYMHbBI COOTBET-
CTBYtOLLEro pacnpeenenust (Hanpumep, HOpManbHOro WAKN Norapu@PMmMUeckn HOpManbHOrO).

CnenyeT OTMETUTb, YTO 3HAYEHUE -l — 3TO PACCTOsIHWE (PUKCUPOBAHHOMO 3HaYeHust & addekTa Bo3aencTeus £
OT CPEHEro 3HAYEHUS Lg HECYLLEN CMOCOBHOCTU R, BbipaXX€HHOE B eAMHMLIAX CTaHAApTHOro OTK/IOHEHMSI Ok Ecnu
pacnpeaeneHne Hecyllei CrocobHocT R SIBNSIETCS HOPManbHbIM, TO JaHHOE PACCTOSIHWE Ha3blBAeTCS WHAEKCOM
HagexHocTn S

B=(uz—e) op ()
1 BEPOSITHOCTb paspyLUEHNS! MOXET 6biTb BbIpaXeHa CieaytoLmnM OTHOLLEHNEM
P, =P(R<e))=D,(=p) (8

Kak npaBuio, UHAEKC HAAEXHOCTU B ONpeaenseTcs Kak oTpuuaTesibHasi BeNMUMHa CTaHAapTU3MPOBaHHOM Hop-
MaslbHOM NepeMeHHOM, COOTBETCTBYIOLLEH BEPOSITHOCTU paspylueHust Py . Takum 06pa3oM, B kayecTBe onpeaeneHus
MOXET 6bITb NPUHATO Creaytollee oTHolleHne (cM. MnaBy I HacTosulero PykoBoacTBa)

=2, (p;) 9

roe d){]l (o f) — obpaTHas CTaHAapTWU3MpoBaHHasi HopMarbHasi GYHKUMS pacnpeaeneHusi. B HacToslwee Bpemst

WHAEKC HaAeXHOCTW 5, onpeaeneHne KOTOpOro AaHO B YpaBHeHUU (9), SBNSETCS LUMPOKO UCMOSb3YEMbIM CPEACTBOM
BbIUMCIIEHUS| HAAEXHOCTU KOHCTPYKLUMIA B HEKOTOPbIX HALMOHANbHbIX M MEXAYHapOAHbIX AOKYMeHTax (CM. Takxke
Mnasy I HacTosilwero PykoBoacTBa 2). OaHaKko cneayeT OTMETUTb, YTO pacnpeaeneHue BEpPOSITHOCTEN Hecyluel cro-
COBHOCTM R MOXET OTNNYaTLCS OT HOPManbHOroO pacrpeaeneHus.
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Mpumep 2.

[Jonyctum, Hecywas cnocobHocTb R UMeeT cpedHee 3HayeHue g = 100 (BblpaxkeHHOe B H6e3pa3MepHbIX eanHu-
uax), CTaHAapTHOE OTKIOHEHWE Ok = 10 (koadduumeHT Bapuaumm coctasnset g = 0,10). Ana aeTepMMHUPOBAHHO-
ro 3HaueHusi achcdekTa BO3AENCTBMS 3aAaHO 3HaueHne & = 80 (cM. puc. 3). Ecim R nmeeT HopManbHOe pacnpeaerne-
HWe, TO MHAEKC HaAEXHOCTW CeAyeT HernmocpeaCTBEHHO U3 ypaBHeHus (7)

£ =(0100-80)/10=2
1 BEPOSITHOCTb PaspyLUeHUs CledyeT U3 oTHolleHus (8)

P. =P(R<80)=® (-2)=0,023

rae @ (-2) sBnsieTcst 3HaueHneM (yHKLUMM pacnpeAeneHusi CTaHAapTU3MPOBaHHOMO HOPManbHOMO pacnpesere-
HVa npu u = —2 . OAHaKo, ecin pacrpeaeneHne R He SBASIETCS HOpMasbHbIM, @ JIOrapuMMUUYECKU HOPMasbHBIM C

HIKHUM MpeAenoM, paBHbIM Hy/lo (acuMMeTpusi cocTaBnseT @, =3V, + VR3 =0,301 [9]), To oHo cnenyeT u3
ypaBHeHus (5)

u, =(80-100)/10 =-2
TorAa BeposiTHOCTb paspylueHust /. 6yaet paBHa
P. =P(R<80)= D v (-2)=0,014

rae @\, (—2) siBnsiecs dyHKumMel pacnpeaeneHnsi CTaHAAPTU3MPOBAHHOM Clly4aitHol BennunHbl U ¢ nora-

pUMUYECKM HOPMasibHbIM  PAcrpeaenieHNeM C HWXKHUM MPeAenoM, PaBHbIM Hymo (acMMMETpUst COCTaBIIsSiET
o = 0,301). MonyuyeHHble BEPOATHOCTW Pa3NNYAIOTCSH HE3HAUUTENBHO, OHAKO UX 3HAYEHUS JOCTaTOUHO BEMUKU.

Ecnu 3apaHHoe 3HaueHne adhdeKTa BO3ARHCTBUA YMEHbLIAETCA A0 €, = 70, To npn HopManbHOM pacnpeaene-
HMW HECyLLEeN CNOoCOBHOCTM R MHAEKC HAAEXHOCTM B = 3, U BEPOSTHOCTb PaspyLUEHUS COCTABIISIET

P. =P(R<70)=®_(-3)=0,00135

Ecnu pacnpeneneHve Hecylueit CnocobHOCTU R SBNSETC NOrapuMUUECKU HOPMArbHbIM C HDKHUM MPEAernomM,
paBHbIM HYNO, TO

P, = P(R < 70) = @, (<3) = 0,00021

WNHOeKC HaaexXHOCTM, OrnpefensiemMblil C noMowbio ypasHenus (9), 6yaer paseH [ = CDL_/] (0,00021) = 3,53,
T.€. 60nblUe, YEM 3HaUYEHNE 3, NOMyHYEHHOE NPYU HOPManbHOM PacnpeaeseHnn HECyLLEeN CnocobHoOCTY R.

OueBMAHO, YTO MPU BO3AEWCTBUM HArpy3ku, paBHoii Bcero & = 70, NoslyuyeHHasi BEPOSTHOCTb paspylueHus 6yaeT
3HAUMTENBHO HUXKE, YeM B Clyyae, koraa & = 80. KpoMe Toro, UMCIeHHbIN NpUMep TakxKe MoKasbiBaeT, uTo Aony-
LLieHNe, KacaloLLeecs TUNa pacrpeaeneHnsl, MrpaeT BaXKHYyIo pofib U, MOXET, B HEKOTOPbIX Cy4asx UMETh pellatollee
3HaYeHwe.

2.3 OCHOBHOM cnyuail c ABYMS C/ly4aiiHbIMW NepeMeHHbIMU

MpeanonoxuM, 4to obe OCHOBHblE NepeMeHHble, 3chdeKT BO3AENCTBUS £ U Hecyllasi CrocobHOCTb R SBNSIHOTCS
C/yYaliHbIMM BENMUMHAMKU. B TakoM cnydae, Kak MpaBuio, CNOXHEE OLEHMBATb BEPOSATHOCTb paspylUeHus, onpeae-
nseMyto no ypasHeHuto (3). MNpocToe pelleHne MOXET 6biTb MOYYEHO, €C/IM 3aAaTb HOPMasnbHOE pacnpeaeneHue
ana Ewv R. Toraa ux pasHoCTb,

Z=R-FE (10)
Ha3blBaeMas 3amnacoM NpPoYHOCTU, Takxke 6yAeT MMETbL HOPMasibHOE pacnpeaesieHne C napaMeTpamm

Hz = Hp — Hp (11)

G, =0,+0; +20,,0:0; (12)
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rae Prp — ko3dduumeHT koppensaumm R n £ Yacto aonyckaercs, UTo R £ SBNSIOTCA B3alMHO HE3aBMCUMbIMM

N Ppp = 0. YpaBHeHue (3) Anst BEPOSITHOCTM paspylueHns P Temepb MOXeET 6biTb NpeACTaBeHo B BUAE:

P, =P(E<R)=P(Z<0)=1,(0) (13)

W 3agadva cBoauTcsa K onpeaeneHuio dyHKummn pacnipegenenus ®A2), npu z = 0, 4TO NPUBOAUT K BEPOSITHOCTM
TOro, YTO 3anac NpoYHoCcTU Z ByaeT oTpuuaTenbHbiM. OyHKuns pacnpeaenenns ®,(0) obblyHO onpeaenseTcs nyTem
npeobpa3oBaHWsi NepeMeHHoi Z B CTaHAAPTU3VMPOBaHHYIO ClyyaliHylo BenuumHy U. Wcnonb3ysi AaHHOE ypaBHeHMe,

MnoflyyaeM 3HauyeHme Uy, cooTeTCTBylowee 3HaueHnio g = 0, u pasHoe

w=0-u,)/c,=u,loc, (14)
Toraa BEpOSITHOCTb pa3pylueHus 6yeT npeacTaBneHa, creayowmm ob6pasom:
B =P(R<E)=D,(0)=Dy(u,) (15)

OYHKUMA NNOTHOCTW pacnpeseneHns BEpoSTHOCTM (A 2) 3anaca NpoYHOCTU Z MoKasaHa Ha puc. 4, rae cepas 06-
NacTb Noa KpUBOMN @A Z) COOTBETCTBYET BEPOSITHOCTU paspyLueHns F .

Probability density ¢(2)

0,04

0,03

0,02

001 Fr

0,00 == il , ; , |
-10 0 10 20 30 40 50

Safety margin Z
MnoTHocTb BeposiTHocT @, (g)
3anac npo4yHocTn 2
Puc. 4. PacnpepeneHune 3anaca Npo4yHoOCTH Z.

Mpu ycnoBmm, 4To Z UMeET HOPMaJIbHOE pacrpeaeneHne, 3Ha4YeHne —ty Ha3blBaeTCs MHAEKCOM HaAEeXHOCTU, KO-
TOPbIN, Kak npaBuio, o603HavaeTcst cMBOMIOM . Mpu yCNoBUM HOPManbHOTO pacnpeaeseHns 3anaca NpoYHoCTH Z,
n3 ypaBHeHuin (11), (12) u (14) cneayeT, YTO UHAEKC HAAEXHOCTU B MOXHO MPeACTaBUTbL B BMAE NPOCTOrO OTHOLLE-
HUsi

(16)

Hp —H
B=u,lo,= R £ >

2 2
\/UR + 05 + 2000
Ecnm BennumnHbl R 1 £ ABNAIOTCA B3aMMHO HE3ABUCUMMbIMU, TO KOSMMULIMEHT KOPPENSALMN pPge CTPEMUTCS K HYSIIO

(pre = 0). TakuM 06pa3oM, UHAEKC HAAEXHOCTU S ByAET PacCTOSIHUEM OT CPEAHEro 3HAYEHUs! Lz 3anaca NPoYHOCTM
Z 0 Havana KoopauHaT, NpefcTaBeHHbIM B eAMHULAX CTaHAAPTHOMO OTKIOHEHUS O

Mpumep 3.

Eule pa3 paccmMoTpum MpuMep 2, B KOTOPOM HECylLas CnocobHOCTb R U BO3AEWCTBME HArpy3ku £ — B3aMMHO He-
3aBUCUMble CNlyyaliHble BennumnHbl (Oge = 0) C HOpMasnbHbIM pacnpeaeneHneM. Hecyas cnocobHocTb R ByaeT uMeTb
cpeaHee 3HadeHue g = 100, Bapuaums o = 10 (koadduumeHT Bapnauum, Takum obpasom, byaeT paBeH Nulb w =
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0,10), a acdbdekT BO3AENCTBUSA £ BYAET UMETH CpeaHee 3HadeHne Le = 80 U 0r = 8 (BblpaXkeHHble B 6e3pa3MepHbIX
eavHuuax). CornacHo ypaBHenuam (11) n (12):

1 =100-80=20
o, =10 +8> =1281

Tak kak 06e OCHOBHble MepeMeHHble R M £ UMeloT HOpMasibHOe pacnpeaeneHne, MHAEKC HafeXHOCTH [ cneayeT
HanpsMyto 13 ypaBHeHus (16)

£ =20/12,81=1,56
1 BEPOSTHOCTb PaspyLIEHNS CedyeT U3 oTHoLleHus (8)
P.=P(Z<0)=d,(-1,56)=0,059

Ecnun nepeMeHHble £ 1 R He SBNAIOTCA HOPManbHBIMK, TO pacnpeaesieHne 3amnaca NpoYHoCTU G Takxke He 6yaert
HOPMasibHbIM, ¥ OMUCAHHbI BbIllEe NOAXOA NMPUAETCA U3MEHUTb. B 0BLLMX CAyYasiX MOXHO MCMONb30BaTh UUCIIEHHOE
WHTErpUpOBaHMeE UK npeobpasoBaHMe 0benx NePEMEHHbIX B NMepeMeHHbIe C HOpManbHbIM pacrnpeaeneHueM. Mpuse-
AEHWe K HOpMasbHOMY pacnpefenieHnio B 0CHOBHOM WCMONb3yeTcs B MporpaMmax.

[iNst NepBMYHON OLIEHKM BEPOSITHOCTU paspylueHust P, MOXeT 6biTb MCMoNb30oBaHa NpUGMKEHHast MpocTas Me-

TOAMKA BbIYMUCIEHMI. 3anac NPOYHOCTU Z MOXET 6blTb NPUBAMKEH MOCPEACTBOM forapudMUUYEcKn HOPManbHOro
pacnpegeneHvs ¢ Tpems napametpamu. MpeanonoXxuM, 4YTo pacnpeaeneHuns £un R 3aBUCAT OT NapaMeTPOB MOMEH-
TOB Ug Of Ws Mg Or N Wg CpegHee 3HayeHne n Bapuaums 3anaca npoYHOCTU Z MOryT 6bITb BblUMCIEHBI C MOMOLLbIO
NpuBeAEHHbIX Bbille ypaBHeHU (11) u (12), koTopble BEPHbI MPU NEPEMEHHBIX C NPOM3BOJIbHLIM pacnpeaeneHneM.
Mpun ycnosun, 4to £1 R ABNAIOTCA B3aMMHO HE3aBUCMMbIMU, aCUMMETPUSI Wy 3anaca NpoYHOCTN Z MOXET BbITb pac-
CYMTaHa B COOTBETCTBUM C MpUBAMXeEHHON dopmynol (cM. MpunoxkeHne A «OCHOBHbIE CTAaTUCTUYECKME MOHATUS U
MeToAbl» HacToswero PykoBoacTea 2)

3 3
_ORrlop — O 0

= 17)
2 27372
(0x +0%)

V4

[Janee npeanonoxuM, 4To 3anac NPOYHOCTU Z MOXET ObITb ONMUCaH C AOCTaTOYHOW TOYHOCTBIO C MOMOLLbIO Jlora-
pUdMUYECKN HOPMarbHOrO pacrnpeaeneHns € 3aaHHbIMU NapaMeTpaMu MOMEHTOB Lz, Oz W Wz (ypaBHeHus (11), (12)
n (17)). MokasaHo, 4YTO AaHHOe NpubnuXxeHWe AaeT yAOBNEeTBOPUTENbHbIE pe3ynbTaThl, NPU YCI0BUKU, YTO BEPOSIT-
HOCTb pa3pyLUeHWsl He CINLLKOM Mana.

Mpumep 4.

PaccMOTpUM pacTskKy C HECyLel CrocobHOCTLIO R, Ha KOTOPOK NoABELLEH rpy3 BecoM £. MycTb R — norapudmm-
YecKn HopMasnbHasi NnepeMeHHasl C MMHMMAsbHbIM 3Ha4YeHUeM, paBHbIM HYJI0, U C NapaMeTpamm (TakKe BblpaXkeHHbI-
Mu B 6e3pa3MepHbix eanHuuax) Lz = 100 n og= 10 (u, cnepoBatensHo, wg = 0,301), a £0bnanaeT pacnpeaeneHnem
Mymbens ¢ napamMeTpamMn MoMeHTOB L = 50 n 0r = 10 (pacnpepeneHve N'ymbensi [9] MMeeET NONOXKUTENBHYIO acuM-
METpUI0 we = 1,14).

MapameTpbl MOMEHTOB 3aMaca NPOYHOCTM PacCYMTLIBAOTCS B COOTBETCTBMU C ypaBHeHusimu (11), (12) u (17)
M, =ty — p, =100-50 =350
cl=0r+0, =10 +10% =14,14°

T, — O 10°x0,301-10° x 1,14
w, = T2 O-Esz/UzE = . ’?; 2 3/2< — =-0,30
(o2 +02) (10> +10%)

E

[ns cTaHfapTU3MPOBaHHON ClyYaiiHOW nepeMeHHoW U3 ypaBHeHus (14) cneayeT, uTo
u,=—p, o, =-50/14,14=-3,54
[Ons norapudmMmUuecky HopManbHOro pacnpeseneHns ¢ acuMMeTpuelt 1> = - 0,30 BEpHO crieaytoLlee ypaBHEHME:

P, =P(R < E)=®,,,(-3,54)=0,00101

YTO COOTBETCTBYET MHAEKCY HaaexHocTn B = 3,09. bonee TOYHbIN pe3ynbTaT, NonyyYeHHbIN braroaapst npuMeHe-
HuIo nporpammbl VaP [7], coctaBnseT Pf =0,00189.

O[HaKo ecnin Mpy OLIEHKE BEPOATHOCTM paspylUeHUs acMMMETPUS HE MPUHUMMAETCS BO BHUMaHWE W npeanonara-
€TCA YCNOBKE HOPMaJIbHOMO pacrpeaeneHuns, To Cleayer:
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P, =P(R< E)=®d(-3,54)=0,00020
YTO CYLLECTBEHHO OTNMYAETCA OT pe3yNbTaTa, MOMyYeHHOro Mpu MpeanosiiaraeMoM forapubMUyYeckn HopMarb-
HOM pacnpeaeneHuu.

[ns BCEX YMCMEHHBIX pacyeToB MOMYT MCnonb3oBaTbcs Tabnuubl MATHCAD StRod.mcd, DesVRod.mcd, npuBe-
[EHHbIE B MPUIOXEHWMN.

3. TouHOe peLueHne AN ABYX C/IyYaiHbIX NepeMeHHbIX

B cnyyae c aByMsa ciyvaiiHbIMU NepeMeHHbIMU £ 1 R ¢ Nio6biM pacnpeaeneHneM, MoXHO A0CTUYb TOYHOMO pacye-
Ta BEpOSITHOCTU paspyLuenns P, onpeaensieMoro ¢ noMolLbio GopMysbl (3), UCMONb3yst HTErpUpOBaHNE BEPOSITHO-
CTU. Ha puc. 5 NpMBOAMTCA NOSICHEHME K AaHHOMy MeToay. IMycTb cobbiTve A 06o3HauaeT npossreHue addekTa
BO3/ECTBNA £ Ha NPOTSHKEHUN ANddEpPeHLManbHOro MHTepBana BpeMeHn < X, X + dx > . BepoaTHoCTb cobbitusa A
onpenensieTcs creayowmm o6pasomM:

P(A)=P(x < E <x+dx)=¢.(x)dx (18)

0603HaunM 6ykBOW B COBbITUE, MPU KOTOPOM HECyLIasi CrocOBHOCTb R BCTPEYAETCS Ha MPOTSXKEHUU MHTEpBana
BpemMeHun < —o0, X > . BeposTHOCTb cobbiTusi B[9] onpeaensetca cneayowmm obpasom:

P(B) = P(R<x) = ¢, (x) (19)

AnbdepeHumanbHoe npupalieHme BeposTHOCTH paspyluennst dP, cooTBETCTBYIOLIEE HANMUMIO NMEPEMEHHOI £ B
WHTepBane BpeMeHn < X, X + dx >, BblUMCIAETCA C NOMOLLBIO BEPOSTHOCTM OfJHOBPEMEHHOrO HACTyn/eHUs cobbl-

M AW B, T.e., BEPOATHOCTU ux nepecedeHns A M B . B cOOTBETCTBUM C MPUHLMIOM YMHOXKEHUSI BEPOSITHOCTEIA
[10] nonyyaem cnegytollee BblpaXkeHUe:

dP, =P(AN B)=P(A)P(B)=P(x<£< x +dx)P(R < x) = O, (x)p, (x)dx (20)

B faHHOM npuMepe NpUMeHSIeTCA NPeACTABNEHHOE BbILLE AOMYyLIEHNE O B3aUMHOWN HE3ABUCMMOCTY NMEPEMEHHBIX £
M R 1, KaK cneacteue, cobbituii Au B.

Probability density @z(x), Pr(x)

006 | Load effect /7

Resistance R

0,04 .

0,02 .

0,00 z , , , : ‘ ; , A
40 60 x xt+dx 100 120 140
Random variable X

MnoTHOCTL BEPOSITHOCTU (. (X), @ (X)

Bo3peicTBue Harpyskun £
Hecywas cnocobHocTb R
CrnyyaiiHasi nepemeHHas X

Puc. 5. PacnpepeneHue nepeMeHHbIX £ R.
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WHTerpupoBaHme anddepeHumanbHoro oTHowenus (20) B MHTEpBane BPEMEHM, B KOTOPOM OAHOBPEMEHHO Mpu-
cyTcTBylOT 06e nepemMeHHble £ 1 R (Kak NpaBwio, B MHTEPBaJe BPEMEHWN <-00, 00>), MPUBOAUT K CreayloLeMy oT-
HOLLEHWIO:

pr = [ @, (), (¥)dx 1)

VHTerpupoBaHue oTHolleHust (21), Kak NpaBuio, NPUXOAUTCA MPOBOAWTL YMCIIEHHO MW UCMONb3Ys MeTofbl MO-
AENUPOBaHMS (Hanpumep, Npsamble MeToabl MoHTe-Kapno).

B Tabnuue MATHCAD PrLnLn.mcd, npuBeaeHHON B NPUMIOXEHUM, COAEPXUTCS MPOCTasi MpPorpaMMa, KoTopast Mo-
XeT 6bITb MCMOMIb30BaHa A1 pac4eTOB YMCIIEHHONO MHTErpUpOBaHNs OTHOLWeHUS (21) npu ycnosum, 4To 0be nepe-
MeHHble £1 R MOryT 6biTb onpeaeneHbl (Mo KpaviHel Mepe, NpubAU3UTENbHO) NOCPeACTBOM obLero norapudmuye-
CKW HOpMasibHOro pacripegenexus (C TpeMsi napamMeTpamm).

Mpumep 5.

SbdeKT BO3AENCTBUA £ 1 HECYLLAs CNOCOBHOCTb R XapaKTepu3yloTca NorapudMUUeckn HopMasbHbIM pacrnpeae-
NEHMEM C TEMM Xe MapameTpamu, Kak v B Mpumepe 4 (pacnpeaenenve Myméens ans £ 6bl10 3aMeHeHo norapudMu-
YECKM HOpMaSibHBIM PACcrpeAeneHneM C TEMU e napameTpamm). MpubavxeHHoe pelueHne B Mpumepe 4, OCHOBaH-
Hoe Ha norapudMMUYEecKM HOpMasbHOM pacrnpeaeneHn C HUXKHEN rpaHuLEN, paBHOW Hy/o, MPUBOAMT K Cleaytolle-

My 3HaueHuio BeposTHoCTH paspywenmns P = P(R < E) =@ ;(-3,54)=0,00101. YncnenHoe nHrerpuposa-
HWe B COOTBETCTBUM C COOTHOWeHMeM (21) ¢ ucnonb3oBaHueM nporpammbl MATHCAD paeT HaMm pelueHue
P. =P(R < E)=0,000792 , nporpamma VaP npeanaraet pewenne P, = P(R < E) =0,000707 , kotopsie
MOXXHO paccMaTpMBaTh Kak O4eHb TOYHOE NpubnmxeHue.

BeposiTHOCTb paspyluenns [, paccunTbIBaEMylo MocpeaCcTBOM MPsSiMOTO MHTErpUpOBaHMsi, MOXHO OMpeaenuTb C
nomoLubio Tabnmusl MATHCAD PrLnLn.mcd npuv 3agaHHbIX NapamMeTpax nepemMeHHblX £u R (ug = 100, 0p = 10, e =
50 v or = 10). Bapnaums BeposSTHOCTU paspyLUeHUst Pf € Ko PUUMEHTAMN aCUMMETPUN We U Wg NPEACTaBneHa Ha
Puc. 6.

CornacHo puc. 6, BEPOATHOCTb pa3pyLlleHUd ])f B 3HAUWTESIbHON CTEMNeHW 3aBUCUT OT aCVIMMETpVIl\/II W N Wg (B

COOTBETCTBMM C npeanosaraéMbiMmM TeoOpeETUYECKNUMU MOAEJ‘IFIMVI), a B peasibHbIX YCNoBusaX AaHHasd BEPOATHOCTb MO-
XKET OT/IMYaTbCS B HECKONbKO pa3s, AaXe eCcnv CpefiHne BeNMYMHBbI U CTaHAAPTHbIE OTK/IOHEHUS MepeMeHHbIX £un R
OCTaloTCA HEU3MEHHbLIMU.

Skewness @g

0 0,5 1 1,5 2
1,00E-02 -

1,00E-03

1,00E-04

1,00E-05

Pr

1,00E-06

AcMMeTpUs we
AcnMMeTpUsa wp

Puc. 6. BepossiTHOCTb OTKasa Pf B 3aBUCUMOCTH OT KO3(P(PULIMEHTOB aCUMMETPUNA WrWN Wg NPU Ug =
100, ygr = 10, 0= 50 n o= 10.

B pe3ynbTaTte, onpeaennTb BEPOSTHOCTb Pa3pyLlUeHUs B Cilydae C NPOCTbIM NpUMEpoM, NpeacTaBNEeHHbIM Hepa-
BEHCTBOM (1), rae WUCMonb3yTCs TONbKO ABE C/yvaiiHble BEMMUMHBI £ U1 R, Nerko ToNbKo Toraa, korga obe nepe-
MEHHbIE pacnpeaensTcs HopManbHO. ECv OHM pacnpeaensitioTcs nHaye, Toraa NpomM3BeCTM TOYHOE pelleHne 6onee
CNIOXHO, W MOJTyYEHHbIE 3HAYEHUSI B 3HAUYUTENbHON CTEMEHW 3aBUCAT OT NPEeAnonaraeMoro Tuna pacrnpeneneHus.
MpubnuXeHHoe pelleHne npu ycnoBum obluero norapudMUUeckn HoOpManbHOro pacrnpeaeneHus (C Tpemsi napaMeT-
pamn) £un R obecrneumBaeT AOBOSIBHO TOYHYIO MEPBUYHYIO OLIEHKY BEPOATHOCTM paspylleHns. OaHako Nosy4YeHHble
3Ha4yeHus1 Heo6xoAMMO NPOBEPSATH C NMOMOLLbLIO 60M1ee TOYHbIX METOAOB, MCMOMb3YIOWMNX COOTBETCTBYIOLIME TEOPETU-
yeckmne mogenu £un R.
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4. 3aknoueHme

ba3oBble MeTOAbl HaAEXKHOCTU KOHCTPYKUMI MOTYT 6biTb MCMONb30BaHbl AN OLUEHKU HaAEXHOCTU B OCHOBHbIX
Cnyyasix AByX C/lyyalHbIX NepeMeHHbIX, korga (hyHKUMS NpeaenbHOro COCTosHWSE cOpMyMpoBaHa Kak pasHOCTb
MeXAy NOJSTyYEHHON HecyLlel CMOCOBHOCTbIO KOHCTPYKLUMM U BO3AENUCTBUEM Harpy3Ky.

OCHOBHbIE MPUHLMMNBI TEOPUU HAOEXHOCTU obecneumBaloT MeToAbl npoeeaeHusa BbNVICJ'IEHVIl‘/’I, KOTOpblE MOryT
6bITb MCNOMb30BaHbl A7 OLEHKU YaCTHbIX KO3dJCbMLIMEHTOB OCHOBHbIX NepeMeHHbIX. OHAaKO OUEHKa pasfiUyHbIX
rokasareneil HaAeXXHOCTU B HOBbIX HOPMaX NpPOEKTUPOBaHUA KOHCTDYKLI,Mﬁ 4aCTUYHO OCHOBaHa Ha CTaTUCTUYECKOM U
3MMUPUYECKOM OnbiTe. be3ycnoBHO, OMbIT NPOLWIOr0 3aBUCUT OT MECTHbIX yCJ'IOBVII7I, BKJ1lO4ad KnmMMaTuyeckne BO3-
AENCTBUS U TPaAULMOHHO UCMOJIb3YyEMbIE CTPOUTESNIbHbIE MaTepUasnbl U, KakK CNeACTBUE, MOXET 3HAYUTENbHO pas3nn-
YaTbCs B pa3HblX CTpaHaX. MIMEHHO NMO3TOMY KOMMYECTBO 3/1IEMEHTOB U NapaMeTPOB HAZEXHOCTU B HACTOSALLEM CBOAE
EBPOI'Iel‘/IICKMX CTaHAapToB He d)VIKCMpOBaHO M 3aBUCUT OT HaLUMOHasIbHbIX 0COBEHHOCTEN.
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Mpuno)xeHusn
ATTACHMENTS
1. MATHCAD sheet "SteelRod.mcd”

Mathcad sheet SteelRod is intended to investigate an effect of the partial factor yG on reliability of a steel rod ex-
posed to permanent load G.

2. MATHCAD sheet "DesVRod.mcd”
Mathcad sheet DesVRod is intended to investigate of sensitivity factor ag and ar and design values E4 and Rg.
3. MATHCAD sheet “"PrLnLn.mcd”

Mathcad sheet PrLnLn is intended for calculation of the failure probability Pf = P{E>R}based on approximation of
E and R by three parameter lognormal distribution.
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FNABA III - AUGOEPEHLMALIMSA HAAEXXHOCTHU

Munan Xonuuku® n fina Mapkosa®
D Yewwuckuit TexHMueckuit yHuBepenTeT B Mpare, Yeluckast Pecrybnmka

O6wWwue nosioKeHus

OCHOBHblE 3M1EMEHTbI HAAEXHOCTH, YKa3aHHbIE B AENCTBYIOWMX CTaHAAPTAX MO PacyeTy KOHCTPYKLMIA, Kak NpaBuio,
BK/TIOYAIOT B Cebsi BEPOSTHOCTb paspyLUEHUs, OTHOCSLLYIOCS K onpeaeneHHoMy 6a3oBoMy nepuogy 7. Tpebyembiit
YPOBEHb HAAEXHOCTU 3AaHWIN U APYrMX MHXXEHEPHBIX COOPY)XXEHMUIA, KaK NpaBWfIO, OnpeaensieTca pacyeTHou (uene-
BOW) BEPOSITHOCTHIO paspyLleHns pd MM COOTBETCTBYIOLLMM MHAEKCOM HaAEXHOCTV Bd, COOTBETCTBYIOWMM YKas3aH-
HOMY pac4yeTHOMY Cpoky cnyx6bl Td (Hanpumep, 50 neT). B Bepudmkaumm HageXXHOCTU pacyeTHble 3HayveHus Pd n
Td vHOrA@ 3aMEHSIOTCS anbTEPHATMBHBIM MHAEKCOM HAZIEXXHOCTM Ba, MOSTlyYeHHbIM U3 pacyeTHbIX 3HadeHuid Pd 1 Td
ans nogxopsuwero 6asosoro nepvoga Ta (Hanpumep, 1 rog).

MpeactaBneHHoe nccnegoBaHne 06bACHAET B3aMMOCBS3N MEXAY anbTepHaTMBHLIMU 3neMeHTamu Ba, Ta u pacuet-
HbIMK 3HayeHusMn Bd, Td, n obo3HauyaeT COOTBETCTBYIOLWME MpoUeaypbl BepudMKauMn HagexXHOCTH, Korga pac-
CMaTpuBaeTCsl a/lbTepHaTMBHbIN 6a30BbIli Nepuoa Ta. MNMoayepkuBaeTcs, YTo BepudmKkaumio Ha ocHoBe Ba, Ta cneay-
€T OT/IMYaTb OT BEPUDUKALMM BPEMEHHBIX MM BCMOMOraTesbHbIX COOPYXXEHWUI, KOrAa CaM pacyETHbIA CPOK CIyx6bl
Td kopoTok. TeopeTnyeckme 060CHOBaHUS M YNCIIEHHbIE MPUMEPBI NMOKA3bIBAOT, YTO XapaKTEPUCTUYECKME 3HAYEHMS
M YacTHble KO3(MMULMEHTbI OCHOBHbLIX MEPEMEHHbIX, OMWCHIBAIOLIME CBOWCTBA MaTepuanoB M COBCTBEHHbLIN BeC, B
3HAUUTENBHOMN CTEMEHM 3aBUCAT OT COOTBETCTBYOLEro 6a3oBoro nepuoaa.

1. BBegeHue

1.1 CnpaBoyYHble OKYMEHTbI

MocnegHwe pokyMeHThl [1], HaumoHanbHble [2], [3] n MexayHapoaHble aokymeHTobl ([4] — [7]) npepocTaBnsatoT 06-
Wye NpUHUMMBLI U peKoMeHAAUMU MO NMPUMEHEHUIO BEPOSITHOCTHLIX METOAOB K pacyeTaM MPOYHOCTU KOHCTPYKLIMM.
MocnenHuit eBponenckuii JOKYMeHT [5] U MexayHapoaHble cTaHaapThl [6] v [7] Takke 0603HaYaloT TEOPETUYECKYIO
OCHOBY TaK Ha3blBAaEMOr0 «MeTOAa YacTHbIX KO3 dULUMEHTOB» U Npoueaypbl 418 onpeaeneHns YacTHbIX Koadhdnum-
€HTOB CBOWCTB MaTepMasnoB U AENCTBUIA C MOMOLLbI BEPOSTHOCTHBIX MPUHLIMIMOB.

OcCHOBHble 311eMeHTbI HaIEXKHOCTN, PACCMOTPEHHbBIE B 3TUX MPOLeAypax BKIOYAOT BEPOSTHOCTL paspylueHus p (unm
3KBMBASIEHTHbIN MHAEKC HAAEXHOCTM P), COOTBETCTBYIOLYIO onpeaeneHHoMy 6a3oBoMy nepuogy T, UCMONb3yeMOMY
B BepUdMKaLMM KOHCTPYKTMBHOWN HaaexXHOCTU. Ba3oBblii nepuoa T, MCMONb3yeMblil B BepUdMKaALMM, MOXET COBMa-
[aTb UM He coBnagaTb C PacyeTHbIM CPOKOM Cyx6bl Td, TO €CTb NEPMOAOM BPEMEHM, B TEUEHNE KOTOPOro COOpY-
)KEHWe AOMKHO (DYHKLUMOHMPOBaTb Hagnexawmm obpasoM. Korga 6a30Bblii nepuoa, MUcnosnb3yeMmblii B Bepudmkaumm
HaZeXHOCTM OT/IMYaeTcs oT Td, TO OH Ha3blBAETCS afbTepHATMBHLIM NEPMOAOM M 0603HaYaeTcs B AaHHOM Mccnesno-
BaHUK Ta.

1.2 O6wure npuHUMNbI

OcHOBHble BEPOSITHOCTHblE METOAbLI MCNOML3YIOTCA ANS aHanu3a NpUHLUMNOB AnddepeHumaumm HaaeXHoCTU. TOYHO
TaK Xe, kak U B rnase I B JaHHOM pyKOBOACTBE [Ba MPUHLMMUANBLHO PasfivyHbIX METOAA PasnnyaloTcs B crieayto-
Lem:

- paccMaTpvBaeTcsl anbTepHaTMBHbIN 6a30BbIl nepuoa Ta (Hanpumep, 1 unu 5 neT), KOTOPLIV OTAMYaeTcs OT pac-
YeTHoro cpoka cnyx6bl Td (Hanpumep, 50 neT); 3TOT MeToA NPUMEHSETCS, Korda BepOSTHOCTHbIE MOAENU, CBS3aH-
Hble ¢ nepuoaoM Ta 6onee HagexXHbl, YeM Te, KOTOpble CBS3aHbl ¢ Td,

- CaM pacyeTHbI Cpok cry>6bl Ta KOPOTOK (Hanpumep, 2 roaa, 5 unun 10 neT); 370 NpUMep BPEMEHHbIX UK BCMOMO-
raTesibHbIX COOPYXXEHUI U COOPYXXEHWI B NEPEXOAHON CUTYaLMW MPOEKTUPOBaHWs (B Npouecce CTPOMTENLCTBa MK
PEMOHTa).

B nocnegytoweM paccMaTpuBatloTCsl MPUHUMNBI AnddepeHumMaumnmM HageXHOCTH, ykasaHHble B AEMCTBYIOLMX MexXay-
HApOAHbIX AOKyMeHTax [5,6,7] v CBA3aHHbIE C HUMU MPOLIEAYPbl ONpeaeieHns Mep HaAeXHOCTU, KOTOPbIE AO/KHbI
NPUMEHSATLCA B NpuMMepax BepuduKaumMmn € yH4eTOM PasfiMyHbIX pacyeTHbIX CPOKOB Cnyx6bl. COOTBETCTBYOWME dne-
MEHTbI HaIEXXHOCTU (XapaKTEPUCTUUECKME 3HAYEHUS1 U YacTHble KO3 bULIMEHTBI) NOMyYeHbl ANs CBOWCTB MaTepua-
noB, COBCTBEHHOMO BeCa M KIMMaTUYECKUX BO3AENCTBUI (TeMnepaTypa, CHEr U BETEP) C YYETOM BPEMEHHOMN 3aBUCU-
MOCTW BEPOSITHOCTY paspyLleHns U MHAEKCA HAaAEXHOCTY.

2. OCHOBHbIE 3J/1IeMEeHTbl HAAe)XXHOCTHN
OCHOBHble Mepbl HaAEXHOCTU BKIKOYAOT BEPOATHOCTb pa3pylleHna n MHAEKC HaaeXXHOCTU, NpeacTaB/ieHHbIE B Ma-
Be I 1 II HacToALIEro pyKoBOACTBA. BepoATHOCTb NOTEPU HECYLLEN CMOCOBHOCTM KOHCTpYKUuK Pf B 06LleM Buae Mo-
xeT 6bITb onpeaeneHa cneayowmM obpasom:

Pe=P{ZX) <0}

DYHKUMS NpeaenbHOro cocTosHus (paboTocnocobHocT) Z(X) chopMynnpoBaHa TakuM 06pa3oM, YTO HaAEXKHbIV

(6e30nacHeIn) AOMeH BekTOpa 6a3nCHbIX NepeMeHHbIX X = X|, X5, ... , X, COOTBETCTBYET HepaBeHCTBY Z(X) > O,
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a AOMeH pa3pyLUEHUs COOTBETCTBYET AOMOSHUTENIbHOMY HEepaBeHCTBY Z(X) < O MpocToit npumep Z(X) onucbiBaeT
OCHOBHOE COOTHOLLIEHWE MeX /Y MOMyYeHHbIM BO3AENCTBMEM Harpy3ku £ v conpoTueneHneM R

ZX)=Z=R-E

CnyyvaiiHast nepeMeHHasi Z B ypaBHeHUM (2) 4acTo Ha3blBaeTCs 3anacoM HaaeXHocTu (6e3onacHocTu); ee cpea-
Hee 3HayeHue /mz, CTaHAapTHOE OTKIOHEHWE Y OZ U aCUMMETPUSt Wz MOryT ObiTb MOSTyYeHbl U3 COOTBETCTBYHOLLMX
XapaKTepPUCTUK UTOroBbIX nepemMeHHbIX R 1 E, kak ykasaHo B rnase II.

BMecTo BEpPOSITHOCTM OTKa3a Pf, nokasaTenb HaAeXHOCTU P 4acTo MCMOsb3yeTCs NMpU PacCMOTPEHUN HAZIEXKHOCTM
KakK 3KBMBasIeHTHoe konudecTBo Ans Pf. MokasaTenb HageXHOCTU B CBsi3aH C BEPOSITHOCTbIO paspyleHus Pf kak
yXe yKasblBasnocb B rnase I

Pf = (D(—ﬁ) 3)

B 3TOM ypaBHeHWUH, CD( ) 0603HaYaeT yHKUMIO pacnpeaeneHnsl CTaHAapTU3MPOBaHHOrO HOPManbHOro pac-
npeaenexHuns. O6paTuTe BHUMaHWeE, YTO, ECNM 3anac Z MMeeT HOpPMasibHOe pacrnpeaenieHne, To nokasaTesb HaaeXHo-

CTM MOXeT BbITb OnpeaeneH NpocTo kak oTHoweHve pz u OZ, Takum obpasoMm P= pz / OZ (8 paHHOM cnyyae P

0603HauaeT MHTEPBan CPEAHEr0 3HaYEHUs! Pz OT UCXOAHOrO, ECN B3sTh cTaHaapTHoe oTknoHeHne OZ 3a eamHuuy
u3mMepeHusi). Mnaea I nokasbiBaeT UMCIIEHHOE COOTHOLWIEHWe 0benx BenuuuH. CneayeT noAYepKHYTb, YTO BEPOST-

HOCTb pa3pylLeHns me nokasaTeslb HaIeXXHOCTU P MONHOCTLIO MPEACTABASAT SKBUBANEHTHLIE MEPbI HAAEXHOCTM
C B3aWMHO-0[]HO3HAYHbIM O6LUMM COOTBETCTBMEM, NMPEACTaBEHHbIM B YpaBHeHUH (3).

B HepaBHEM eBpOMECKOM AOKyMeHTe [5] pacyeTHbIN CpoK Cyxbbl 0BbIYHBIX COOPYXXEHWUI pacCMaTPUBAETCA Kak
Pd = 50 net, nokasaTenb HaAeXHOCTU MpeaenbHbIX COCTOSIHMIM Pa = 3,8 COOTBETCTBYET pacyeTHON BEpPOSTHOCTU

oTkaza Pd = 7,2 x 10-5 ans npeaenbHbIX COCTOSAHMI Pa = 1,5 1 P A = 6,7 x 10'2 (bonblie noaxoanT TEPMUH «Lie-
NeBble BEPOSITHOCTU», UCMOJb3yeMbI B AokyMeHTax MCO [6] u [7]). DT BENMUYMHBI PEKOMEHAOBAHbI B KauyecTBe
pasyMHbIX MMHUMasbHbIX TPeboBaHWI 1 nogyepkusaeTcsl, YTto Pd n Pa saBnsioTcs nvwb dhopManbHbIMU YCIOBHO Npu-
HATbIMW BENIMUYMHAMU U MOTYT HE COOTBETCTBOBATb (haKTUUECKOM YacToTe paspyLUeHus.

Mpu aHanuse pacyeTa KOHCTPYKLMM, KaK NpaBuio, TpebyeTcs creayollee
Pr< Py )
UMK, YTO SIBNSIETCS SKBMUBASIEHTOM C TOUYKM 3pEHUS NOKa3aTeslsl HaAeXXHOCTM

B=ha

rae Pd obosHauyaeT 3afaHHyl0 pacuyeTHyto (LeneBylo) BEpOSITHOCTb pa3pyLUEHMS COOTBETCTBYIOLWYHO LieneBoMy
nokasaTesnto HaaeXHocTn O,

TpeboBaHus (4) nnm (5) gomkHbl 6bITb MCNONBb30BaHbI NMPOEKTUPOBLUMKAMK MPU MPUMEHEHMN BEPOSITHOCTHBIX Me-
TOAOB A5 BEpUdMKALMM KOHCTPYKTUBHON HaAEXHOCTU. XapaKTepHble LieNieBble 3HaYeHust py U 0, 3asiBNEHbI B HEKO-
TOPbIX HAaUMOHaNbHbIX CTaHAapTax (Hanpumep, [2] u [3]) n ¢ HegaBHero BpeMeHn Takxke yKasaHbl B MeXAyHapOoaHbIX
AOKyMeHTax (Hanpumep, [4] [7]) Ans pa3nuyHbIX pacyeTHbIX YCIoBWI (NpeaenbHbIX COCTOSIHWIA, NOCNeacTBUI pas-
PYLUEHNS N SIKOHOMUYECKMX acreKToB).

3. PacueTHblii cpok cny)6bl U HAAEIKHOCTb

PacueTHbIlt cpok cnyx6bl 7, NpeacTaBnseT coboil nepuog BpeMeHM, 33 KOTOPbI COOPY)XXEHME WK ero 4acTb
[OMKHbl 6bITb UCNONBb30BaHbl MO MPSMOMY HA3HAYEHMWIO MPU OXMAAEMOM TEXHMYECKOM O6CITYXXMBAHUWN B YCIOBUSIX
OTCYTCTBUSI HEObX0AMMOCTN MPOBEAEHUS KanuTanbHOro peMoHTa. B nmocneaHux gokymentax CEN [5] u UCO [6]
npeacTaBfieHbl XapaKTePHblE 3HaUYeHUs 7, ANst NSATU KaTeropuit COOpYXXEHWUIA, KaK NnokasaHo B rnaee I HacToswero
pYKOBOACTBa.

bonee noapobHas cneunduKaums KaTeropuii COOPY>XEHUIM U PacUYETHBLIX CPOKOB CNYXObl AOCTYMNHa B AOKYMEHTaxX
MCO [6, 7]. Kak npaBunio, pacyeTHble CPoKM Cyxbbl, ykasaHHble B [2], 6onblue (B HeKOTOpbIX ciydasx Ha 100%),
YyeM npuBeaeHHble B rnase I. Hanpumep, pacyeTHbI Cpok Cryxbbl s BPEMEHHBIX COOPYXXEHWM, YKasaHHbIN B [2],
cocTaBnsieT 15 NneT, ANs CENbCKOXO03AWCTBEHHBIX COOPYXEHUI 50 NET, ANs XuNbiX U odUCHBIX 3aaHKi 100 neT, a ans
KeNe3HOLOPOXHbIX COOPY>KEHWUI, MAOTUH, TOHHENEN 1 APYrUX MNOA3EMHBIX MHXKEHEPHBLIX COOPYXXeHuin 120 neT.

PacueTHble BEpOSITHOCTY paspyLUeHUs p, Kak NpaBuo, YKasblBaOTCS C YYETOM OXMAAEMbIX COLMANbHbBIX U KO-
HOMMYECKMX MOCNeAcTBMIA. Tabnuua 1 nokasbiBaeT KnaccuUKaumio LeNeBbiX YPOBHEN HAaAEXHOCTU, NPeacTaBneH-
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Hbix B EN 1990 [5]. MokasaTtenu HagexHocTu B npuBeaeHbl nuwb ans aByx 6a3osbix nepuogoB T (1 roa u 50 ner),
6€e3 KaKoin-nmMbo SIBHOM CBS3M C pacyeTHbLIM CPOKOM Cry>xbbl Td. AHanorMyHelM 06pa3oM B-3HaueHusl, kak B Tabnvue
1, npuBeaeHbl B [3] Ans npeaenbHbIX COCTOSIHWM, ANst KOTOPbIX, 0AHAKO, pacyeTHbIN CPoK Cyx6bl coctaBnseT Td =
80 neT (ans CTPOUTESNBHBLIX COOPYXKEHWIA).

CnenyeT noAYepKHyTb, YTO napbl 3HaueHui 0 (0, 1 A), yKa3aHHbIX B Tabnuue 1 Ans Kaxaoro Knacca HaaeXHOCTU
(ana 1 roga v 50 neT), COOTBETCTBYIOT OAHOMY U TOMY K€ YPOBHIO HaAeXHOCTU. lNpakTuyeckoe npuMeHeHue 3Tux
3HAYeHW 3aBUCUT OT Nepuoga BpeMeHu Ta, pacCMOTPEHHOIO B BepudMKaLmMKM, KOTOPbIM MOXET BbITb CBSI3aH C MMe-

folencs nHdopMaumeit 0 NeEPEMEHHOM BO BPEMEHU BEKTOPE 6asUCHBIX MepeMeHHbIX X — X, X, «eey X Hanpu-
Mep, ec/M paccMaTpUBAETCS KNACC HAAEXKHOCTM 2 M PacUeTHbIN CPOK CryxObl 50 NET, TO MHAEKC HaZleXXHOCTU O, =
3,8 nomkeH 6biTb UCMONb30BaH B BepUbUKaLUMM KOHCTPYKTUBHON HafIEXXHOCTM. STOT XKe YPOBEHb HAZIEXHOCTW, COOT-
BETCTBYIOLLMIA K1accy 2, NONy4YaeTcs, ecniM UCMonb3yeTcs nepuoa BpeMenn 7, = 1 roa u 0a = 4,7. Takum 06pasom,
pa3nuyHble 6a3oBble Nepuoabl 7, KakK npaBwio, OTAMYAIOLMECS OT pacyeTHOro cpoka cnyxbbl 7, MOryT 6biTb MC-
MOMb30BaHbl A/151 AOCTVXKEHMS] ONPeAeNIEHHOro YPOBHSI HaAEXHOCTW.

Tabnuua 1. Knaccudmkaums HagexHoctn B cootBeTcTBum ¢ CEN [5]

MHAaekc HaaexxHocTn B
MocneacTsus OT NoTepy YenoBe- | Ba ans T,= | Bd ans 7,=
YECKMX XKMU3HEN, SKOHOMUYECKME, 1 ropg 50 net
Knaccol coumarnbHble U 3KoNornyeckme MpyMepbl 3aaHWIA U FpaXxaaHCKMX
HafEeXHOCTW  [nocneacTsumst MHXXEHEPHbIX COOPY>XEHWI
3 - BblCOKass  [BHauuTeNbHblE 5,2 4,3 MocTbl, 06LLIECTBEHHbIE 3AaHNS
2 - HopManb-  CpeaHue 4,7 3,8
Has PKunble n opucHble 3gaHns
1 - HM3Kas He3HaunTenbHble 4,2 3,3 "
CenbCKOX035MCTBEHHbIE COOPYXe-
HWs, Tenanubl

AHanormyHbIM 06pa3oM LieNIeBbIE 3HAYEHMS P A npuseaeHbl B UCO 2394 [6] ans pacyeTHOro cpoka cnyxobl Td

(HasbiBaeMoro B UCO «A0NrOBEYHOCTb») 6e3 yKazaHWst Kakoro-nmbo KOHKPETHOMO 3HaueHus Td Kak ykaszaHo B

Tabnuue 2, Aea dakTopa Ans auddepeHUMaUmnMmM HaaexXHOCTM paccMaTpuBaloTcst B [6]: OTHOCUTENbHas CTOMMOCTb
Mep no obecneyeHnto 6e30nMacHOCT U NOCNEACTBUS pa3pyLUeHus.

Tabnuua 2. LleneBoi MHAEKC HaaeXHoCcT Bd Anst pacyeTHOro cpoka cryxo6bl Td,
npeacraBneHHbi B MICO 2394 [6]

MNMocneacTensa pa3pyLleHns

OTHOCUTENBbHAsa CTOMMOCTb Mep

Mo obecneyennto 6e3onacHocT  HE3HauMTeNbHbIe HeKoTopble YMEpEeHHbIe 3HaumTesNbHbIE
Bbicokas 0 1,5 2,3 3,1
YMepeHHas 1,3 2,3 3,1 3,8
Hu3kas 2,3 3,1 3,8 4,3

Cyast no BceMy, MMetoLMECs JOKYMEHTbI HE aloT YETKMX PEKOMEHAALMI O TOM, KaK YUYMTbIBATb PAaCHETHbIN CPOK
cnyx6bl Td. Oba mexxayHapoaHbix gokymeHTa CEN [5] n MCO [6] patoT ueneBoe 3HayeHne Bd ansi KOHKpeTHbIX 6a-
30BbIX NepnogoB T, 0OAHAKO, He NpeanaraeTcs HUKaKoro SIBHOroO npasuia ANs COrnacoBaHusl LeneBoro 3HaveHust Bd
C pa3HbIMM pacYeTHbIMM CpoKaMu CNyx6bl Td, pekoMeHAYyeMbIMU ANS1 Pa3/IMYHbIX BUAOB CTPOUTENbHBLIX paboT.

TeM He MeHee, HEKOTOpLIE YKa3aHWs npusBedeHbl ApyroM aokyMeHTe UCO [7] AnS OLEHKM CyLIECTBYIOLIMX CO-
OpY>XEHWI, rOe PEKOMEHAYETCsl, YTOObl YPOBHM HAZIEXHOCTU AJ1 /II0BOr0 OCTAaTOUHOIO CPoKa CyX6bl 6blIN NMOXOXM

Ha CPOKM, KOTOpbIE PAacCMaTPUBAIOTCA A1 PACHETHOrO CPOKa CNyXObi Td B CNly4ae HOBbIX COOpYXeHuii. Cnefosa-
TENbHO, aHAMOrMYHbIE YPOBHN HAAEXHOCTU (BblpaXEHHbIE B TEPMUHAX BEPOSITHOCTU pa WM MHAEKCA HAAEXHOCTU
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P A) MOryT B6bITb PACCMOTPEHbI MPU NPOEKTUPOBAHUN COOPYXXEHUIN C Pa3fIMYHbIMU PacYETHLIMU CPOKaMmK Ciy»X6bl
Td, Hanpumep, ana Ta = 50 net 1 Ta = 25 ner.

4. N3MeHeHne BepOSITHOCTU pa3pyLueHUsi CO BpeEMEeHEM

Korga BekTop OCHOBHbIX NepeMeHHbIX X = X'\, Xi, ..., Xm BpeMsi BapuaHT, TO BEPOSTHOCTb OTKa3a p TakXXe BpeMms
BapWaHT, W BCeraa A0MKHbI BbiTb CBSI3aHbl C ONpeaesieHHo onopHoi nepuoaa T, KOTOPbIM MOXET 6biTb KaK NpaBu-
N0, OT/IMYAETCA OT KOHCTPYKUMM TPYAOBOW XU3HU 7'A. YunTblBasi CTPYKTYPY AaHHOMO YPOBHSI HAZlEXXHOCTM, BEPOST-
HOCTb OTKasa Au3aiiH PA = pn, cBA3aHHbIX C 0TYeTHOro nepuoga Tn = N T \ MOXeT 6biTb NoMyyYeHa U3 aNbTepHa-
TMBHOMO BeposiTHOCTU Pa = p \ cooTBeTcTBYIOWEe 7a = 7 \ (ans npocToTbl 0603HayYeHnss OTMETMM, YTO paHee 6 uH-

nyn

nekc "d" cootBeTcTBYeT cenyac "N" u uHaekc "a" go "1"), Mcnonb3ys NpUBIMKEHHOE OTHOLLIEHWS, NPUBEAEHHbIE B

[6], [7]
P = L- (L-pOn (6)

[ns oYeHb MaNEHbKMUX BEPOATHOCTEN, 3T OTHOLUEHMSI MOTYT 6bIThb YnpolleHsbl aspn = p \ T/ 7 \. Mepuoasb! Bpe-
MeHM 7 A 1 Tn MOXET 6bITb MPOM3BONBLHOM ANMHbI U N = T "/ T \ He MOXET 6bITb LeNbIM YncioM; T\, ogHaKo, YacTo
oauH rog. BepositTHocTb PN yBenunumBaetcs (noyTty nuHeinHo) ¢ TN.

Kak cnegyeT u3 ypaBHeHus (6) cnefyeT, 4To nokasartenun HagexHoctn P\ = P & n P = PA, npuBegeHbl B COOT-
BETCTBUM C ypaBHeHueM (3), kak p \ = ® (-? / I) n pn = 0 (-? / ) cBSA3aHbl COOTHOLWEHMEM Cneaytowmm obpasom [5]

G«.)=HP(7)

3pecb 0 (.) O6o3HauaeT QyHKUMIO pacnpeaeneHns CTaHAapTU3NMPOBaHHbLIX HOPManbHOro pacnpeaeneHus. Pucy-
HOK 1 rnokasbiBaeT usmeHeHue P "c P\ n = 5, 25, 50 u 100. O6patute BHUMaHUE, YTO, ECNIN YUYETHbIA nepuoa 7 \
COCTaBNSIET OAMH oA, TO M YKa3blBAE€T Ha KONMYECTBO JIET OTYETHOro nepuoga T" (n = Tn).

[JaHHble puc 1 noaTBepXXaaeT, ykasaHbl B Tabnuue 1. HanpuMep, ecnn LeneBoit ypoBeHb HaAEXHOCTU CTPYKTYpbI
onpenensietcst /% o = 3,8 Ana KOHCTpyKUuuM paboyeit xusHn Td = TN = 50 neT, To OH MOXET bblTb NPOBEPEHa C
ncrnonb3oBaHueM 6a3oBbiv nepuoa T & = T\ = 1 rog, u /? = f3\ = 4,7. Koraa, oHaKo, TOT e MoKa3aTe/lb HaaexX-
HOCTM 3,8 yKasaHa NSt KOHCTPYKLUMW, UMELOLLIEN CPOK CNy»X6bl KOHCTPYKUMKM Tn = 25 neT Tonbko, yto (HS = 3,8, To
HaZIeXXHOCTb 3TON CTPYKTYpbl MOXET 6bITb MPOBEPEHA C MCMOMb30BAHUEM afibTEPHATMBHOMO 6asncHoro nepuogda T\
= 1 roa v nokasartesb HagexHocTn gyTos \ = 4,5, Tak xe, korga /? 5 = 3,8, 710 /? a = 4,2 (puc 1).

25 3 35 4 45 5 55
g

PucyHok 1. UameHeHne pncn \ n =5, 25, 50 n 100

3aMeTuM, 4To ecnu 1-neTHuit nepuopd 6yAeT WUCMONb30BaTbC AN YTOUHEHUS LIENEBOr0 YPOBHSI HAAEXHOCTU
CTPYKTYpbl, TOrfla PUCYHOK 1 coaepuT MHhOpMaLmMio 0 pesysibTaTe BEPOSTHOCTY OTKa3a COOTBETCTBYIOLLErO AaHHOM
paboyeit xm3Hn Tn. Hanpumep, ecnu LeneBo YpoBeHb HaAEXHOCTU OMNpeaensieTcs MHAEKC HaaexHocT P\ = 4,7 (B
CooTBeTCTBUM C BeposiTHOCTLIO p \ = 1,3 x 10 '), To (KaK y>e ynOMMHANocCb) ypoBeHb HAAEXHOCTU CTPYKTYpY, UMe-
IOLLLYIO TPyZAOBOM Xu3HKU, Tn = 50 neT xapaktepusyetcs O = 3,8. ToYHO Tak Xe, koraa nepuog Tn = 5 neT ucnonb-
3yercsd, TOP $ = 4,3 wnm npu Tn = 100 net, 10 /? BBK = 3,6.

Taknm 06pa3oM, ypoBeHb HAAEXHOCTU CTPYKTYpPbl MOryT 6biTb ONpeAeneHbl C UCNONb30BaHWEM Pa3fIuHbIX Nepu-
0A0B BpeMeHM 7 ", KOTOPbIN MOXET He coBnagaTb C pabouunm Life Design T &. 3T0 MOXET 6bITb MONE3HO, KOTAA 3KC-
NepuUMeHTasbHble AaHHbIe, KacalolMecsi BPEMEHHbIVi BapUaHT OCHOBHbIE MepeMeHHble AOCTYMHbI Ans KOHKPETHOro
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oTyeTHoro nepuoga T (Hanpumep, 1 unu 5 NET), KOTOPLI OTIMYAETCA OT AM3aiiHa TPYAOBOMW XW3HU TA. B Takom
CNy4yae, 0AHaKO, BCE OCHOBHbIE NMEPeMeHHbIe (B TOM UMC/e Te, KOTOPbIE HE 3aBUCSAT OT BPEMEHW) A0/MKHbI 6bITb pac-
CMOTPEHbI COOTBETCTBYIOLMMI 3HAYEHUAMWU AM3aliHA, OTHOCSLUMECS K TOM e OT4YeTHoro nepuoaa T. Cneayrowmi
MpOCTOM NPUMEP NOKa3sblBaeT 3¢hdEKT OT UCMONb30BaHMS 6a30BbIi nepuoa T, OTAUYHLIA OT AM3alH TPYAOBOW XXM3HU
C YYETOM NEPEMEHHOE COMPOTMBIIEHME (MPOYHOCTL), MMEIOLLMI JIOTHOPMAsIbHYH0.

5. YacTHblii k03chpuUMEeHT cBoiCTBa MaTepuana

PaccMoOTpuM nepeMeHHyto R conpoTuBneHust (CUbl), UMEOLLMIA NOrHOPMarnbHyto. Koraa anbTepHaTUBa OTUETHBIN
nepuoa Ta BMECTO AU3alH TPYAOBOW »M3HM Td MCMONb3YETCA NpU NPOBEPKE HAAEXHOCTU CTPYKTYpPbl, TO pacyeTHoe
3HayeHne R pgomkHO 6biTb onpeaeneHo anst Ta BMecTo TA. lpeanonaraeTcs, 4TO XapakTepHas BenuumHa PO R
onpepenseTcs kak ee 5% ksaHtunio [5], [6] [7],

C yyeToM ypaBHeHuit (8) 1 (9) cnedyeT, UTo YacTHbIN KO3 MULMEHT 3aAaETCS Kak
YR = Rk/Rd = exp (- 1,645 x Is)/ exp (~aR x /?7ax VR)  (10)

YunTbiBas BblbpaHHble 3HayYeHust KoadduumeHTa Bapuaummn VR, Ha pucyHke 2 nokasbiBaeT KO3hDPUUMEHT ya-
CTWYHOM rog Ans norapudMMYeckn HopMasnbHOro pacnpeaenexus B R (ypasHeHue (10)).

Kak cnepyet u3 ¢wur.2, 4to, KorAa HaAeXHOCTb KOHCTPYKLMWM MPOBEPEHA C MOMOLLbIO KOPOTKOro AfbTepHaTUB-
HbIi 6a30BbIVi Nepuoa 7a (HanpuMep HanpuMmep, aAns 7a = 1 roa, koraa /? = 4,7), YacTHbli koadduumeHT YR npaBu-
no, AomkeH 6biTb 6onblue, YeM B Crlydae, KOraa BCS KOHCTPYKUMSE Cpok cny6bl 7d (Hanpumep, ana 7d = 50 koraa
/? d = 3,8) cuntaetcs. Cneayet oTMETUTb, YTO NapumManbHoe ¢akTopoM YR 13 MaTepuara BO3pacTaeT CBOMCTBO R ¢
YBE/IMYEHWNEM 3HAYEHUSI MHAEKCA HAafEXHOCTH /7?.

AHanornyHble BbIBOAbI MOXHO OXWUAATb YACTHLIX KO3(MMOULMEHTOB APYrMX OCHOBHbLIX MEPEMEHHbIX, B OCOBEHHO
QNS YACTHbIX KO3(MOULIMEHTOB NOCTOSHHBLIX AEACTBUIA.

B-r = IOl - COG * J3 X <7G = JUG + 0,7X / X KT <?; = // <; (? 1 + 0,7X / X 91};) (12)

B ypaBHeHuu (11) n (12) JUG ob6o3HauyaeT cpeaHee, O. cTaHAapTHOE OTK/IOHeHue, V (; KoadduumMeHT Bapuauum
n <; = - 0,7 KO3 ULMEHT YYBCTBUTENBLHOCTM FPYNMbl G. YacTHbIN KO3 hUUMEHT YyC, U3 G onpeaensieTcs kak

(5], [6] [7]
y = Gd / Gk (13)

6. YacTHble k03¢ (puLMeHTbl CO6CTBEHHOW Harpy3ku

MpuHMMasi BO BHMMaHue ypaBHeHui (11) u (12) cneayet m3 (13) cneayet, ytoy (3 = (1 + 0,7x /? Tonop VG)
(14)

PucyHok 3 nokasbiBaeT naMeHeHue napumanbHOro koadduumeHTa Y-, C MHAEKCOM HaaeXHocT /? A ans

BblbpaHHble 3HaueHust koadduumeHTa Bapuaumm VG = 0,05; 0,10; 0,15 n 0,20. ObpaTTe BHUMaHWE, YTO YC =
1,35 (pekomeHayetcs B EN 1990 [5]) npuMepHO COOTBETCTBYET MokasaTento HagexHoctn /? = 3,8, ecnu Koadpduum-

€HT Bapuauum coctaensieT okono 0,1 (3HauyeHne B EN 1990 [5] 6bina yBennyeHa Ha 5% [0 yunTbiBaeT Heonpeae-
NEHHOCTb Mogenu).

2,5

YG

0,5
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Ecnu npeanonoxutb, 4to koadduumneHT Bapuaummn 0,1 n ana conpotusBneHuns R n cobcreeHHoro Beca G 2 n 3
MOKa3bIBalOT, YTO MapumanbHoe KoaddUUMEHT cobcTBEHHOM Macchl YC, M3MEHSIETCS HE3HaUMTENbHO 60sblue 3HauYK-
TENbHO C / @ -? LEHHOCTW, YEM C YaCTHbIX KO3I(@PULMEHTOB rog CONpPOTUBEHUS NEPEMEHHOrO R. TOT BbIBOA, OAHA-
KO, B 3aBUCMMOCTW OT pacnpeaeneHns NpuHNATLIX AN 06enx nepeMeHHbIX.

7. KnumaTuueckue Bo3AeiiCTBUA U BPEMEHHbIEe Harpys3ku

MpoeKTbl eBPONENCKUX AOKYMEHTOB ANS KIMMATUYECKUX BO3LEUCTBUI B 3aBMCMMOCTM OT TeMnepaTypbl [8], cHer
[9] n BeTep [10] NoKa3bIBalOT, BO3SMOXHOE CHUXXEHWE XAPAKTEPHbIX 3HAUYEHUI HOPMasIbHO As1s TeMrepaTypbl, CHEro-
BOW Harpy3ku U CKOpPOCTM BETpa B C/lydae KopoTkoro otcyeta (O6paTtHo) nepuoa (Hanpumep, 5 net), yem 50 ner,
PaCcCMOTPEHHbIX B 0ObIYHBIX ClyYasiX. Takoe CHUXEHME MOXET BblTb MPUMEHEHO B MEPEXOAHbLIX PACYETHBLIX CUTyaLMi
(HanpumMep, BO BpeMs BbINOSIHEHUS).

CnenyroliMe COOTHOLLEHMSI NS TEMNOBbIX, CHEM U BETEP AENCTBUM, COOTBETCTBEHHO, PEKOMEHYETCA B COOTBET-
CTBYIOLWMX YacTsax EBpokoaa EN 1991:

() B cootBeTcTBUM ¢ EN 1991-1-5 [8] TennoBble AEACTBUS, MAaKCUMaNbHOW M MUHUMASbHOW TeMNepaTypbl OTTe-
HOK BO3ayxa Tmax, 50 / 7rnin, 50 ans 50-neTHero cpoka Bo3BpaTa MOXeT 6biTb cokpalieH ao TMA A J TMM "ans« -
rof, CPOK OKynaeMmocCTu C UCMonb30BaHUEM cneaytowmx dhopmyn

Tmax n = k Rmax, 50, k = {kx - k2 LN [-In (LL / «)]} (15)
TMM n = Kk 7MuH, 50, npn k = {k3 + KA J1.H. [-In (LL / «)]} (16)

rae Tma A nITmm n MakcuManbHoe / MUHMManbHoe, a KoadduumeHTol K \ = 0781, k2 = 0056, k2 = 0393, K\ =
-0156 moryT 6bITb MCNonb30BaHbl (Mo AaHHbIM Benvkobputanunm [11]),

(B) B cooTtBeTcTBMM € EN 1991-1-3 [9] CHer AeicTBUS XapakTepucTuka 3HaueHMe CHEXHOro AeUcTBusa 5k, n, co-
OTBETCTBYIOLLME NEpUOAY NOBTOPSAEMOCTM N IET MOXHO MOSTy4YUTb NPY NOMOLLUM pacnpeaeneHns MNymbens kak

1-V, - [Ln (- n (n - p)) + 0,57722]
Sk, n =k 5k, 50, rae K = (17)
1-VS - [Ln (- LN (0,98)) + 0,57722] 7T

roe Sk, 50 xapakTepucTvKa CHeroBasi Harpyska Ha 3emnto ans 50-neTHero cpoka Bo3spata M Sk, npu n-ro roga
BO3BpaLLieHWe nepuoa, CTp 0603Ha4YaeT 34eck BEPOSITHOCTb 5 A N MpeBbIlLeHUs COOTBETCTBYIOLASA M JIET CPOKA BO3-
BpaTa 1 Vs aBnseTca KoachduumeHT Bapraumm roqoBoro MakCMMasibHOro CHEroBOM Harpysky,

(C) B cootBetctBUM ¢ EN 1991-1-4 [10] OcHoBHasi ckopocTb BeTpa Vb, "MMes cpok oKynaeMocTu N JIET MOXHO
OLIEHWUTb C UCMOb30BAHWEM MONMY3IMMUPUUECKUX BbIPaXKEHUM

,M,\\-Kn(wn(n—p))wlos
Vb, "= K Vb, TaK, rae k = - (18)
_1-J/1.H.(-n(0,98))

rae Vb, Tak OCHOBHasi CKOPOCTb BeTpa Ans 50-neTHero cpoka Bo3spaTta v Vv'b. "ans« neTHero nepvoga Bo3Bpara
n p obo3HayaeT 34ecb BepoATHOCTb Vb, "MpeBbllieHne COOTBETCTBYHOWASA N NeT cpoka Bo3BpaTa. KoHctaHTa K B
ypaBHeHun (18) cnepyet u3 pacnpeaenenus N'ymbens kak K = Vv A LN, rae Vv obo3HauaeT KoadduumeHT Bapuaumm
CpefHerofoBoi ckopocTy BeTpa. MpubnuantensbHas crouMocts K = 0,2 (4TO CcOOTBETCTBYET KO3pULMEHTY Bapua-
umm VW = 0,26) ncnonb3yeTcs B CreaytoweM cpaBHeHUs KoadhUUMEHTOB yMeHblueHnst K ans paccmaTpuBaeMblix
KIMMaTUYECKNX BO3AENCTBUN.

B Tabnuue 3 npuBeaeHbl k03dOULMEHTBI CHUXKEHUS K, ANSt KIIUMaTUYECKUX BO3AENCTBUIA (MPUMEHSIEMbIX B LIENOM
oTHoweHus Q A N = K Q ” Tak) Ans BblbpaHHbIX NeproaoB NOBTOPSEMOCTH M - NET.

Tabnuua 3. KoadduumeHT K ana knmMaTtruueckux Bosaeictanin (OL "= k 0k, Tak) ans pasnmyHbix NepMoAoB

Return period p Reduction coefficient k for
of n-years Tinaxn Tninn Snn Vhz
2 years 0.5 0.8 0.45 0.64 0.77
5 years 0.2 0.86 0.63 0.75 0.85
10 years 0.1 0.91 0.74 0,83 0.90
50 years 0,02 1 1 | |
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370 cneayeT 13 Tabnuubl 3, YTO XapaKTEPHO 3HAYEHWE KIIMMATUYECKMX AEACTBUIN MOXET ObiTb 3HAUUTENbHO YMEHb-
LUeHa, ecnm kopoye 6asucHbIi Nepuoj paccMaTpyBaeTcs B Av3aiiHe. Hanpumep, ans 5-neTHero cpoka Bo3BpaTta AeW-
CTBMI U3-3a CHera U BeTpa cBoAUTCA K 75 uim 85% OT cobCTBEHHbIX 3HaYeHuid ans 50-neTHero cpoka BO3BpaTa,
aHasNIOrMYHbIM XapaKTEPHOrO 3HAYEHUSI MAKCMMasIbHOW TEMMepaTypbl OTTEHOK Bo3ayXa A0 86%, MMHMMasbHasl TeHb
BO34yxa TemnepaTypa daxe A0 63%. Obpatute BHMMaHWe, YTO NpY NPOBEpPKe MOCTOBbLIX HAaCTM/IOB Ha 3Tanax Bbl-
NOMHEHNS XapaKTepHble 3HaYeHUS OAHOPOAHLIX KOMMOHEHTOB TeMMNEPaTypHbIX AaHHbIE O TeMnepaType OTTEHOK BO3-
Ayxa [8],

Cnenyet OTMETUTb, YTO HM COKPALLEHME YaCTMYHbIX (DAaKTOPOB Harpy3Ku He ykKasaHo B AokymeHTax [8], [9] mn [10],
TakMM 06pasoM, Ha TOM e YpOBHE, Kak HaAeXHOCTb KOHCTpyKuun anst 50-netHero cpoka cnyxbbl onuceiBaetcs p &
=7,2x10"5 (FY = 3,8) MOXHO paccMaTpuBaTb Takxke 1 Ans otyeTHoro nepuoaa T = N neT. KoHeyHo, pa3Hbiit ypo-
BEHb HAAEXHOCTU (Hanpumep cBoauTtcs K /? D <3,8) MoxeT 6biTb BbibpaHa C y4eTOM 3KOHOMMYECKUX U APYrUX ac-
MeKTOB B COOTBETCTBMM C NpuHUMnamm anddepeHumaunm HageXXHoCTU, pacCMOTPEHHbIX BbiLLE.

CaMbIM Harpysky MOXHO TaKXXe, BO3MOXHO, YMEHbLUIAETCS, Korja CYMTaeTCs KOPOTKOE BPeMs CCbIIKWM TaK e, Kak
KSIMMaTUYECKMX BO3AENCTBUIA. HEKOTOpbIE CTAaTUCTUYECKME AaHHble MMeroTCs B AokyMeHTax CCIC [12], oaHako, Bbl-
60p C/Ty4aliHbIX CBOWCTB Pas/iMyHbIX TUMOB, YCTAHOB/EHHbIX HArpy3oK CAenaTb 3TO OYeHb TPYAHO ChOpMYIMpPOBaThb
obwue npasuna. Ecnn ybeanTenbHble AaHHble OTCYTCTBYIOT XapaKTepHble 3HaYeHWsl, YKasaHHble B TeKyLUMX AOKY-
MEHTOB MOXeT 6bITb NPUHATO 6€3 KaKoro-nMMbo CHMXKEHWS.

CaMbIM Harpysky MOXHO TaKXXe, BO3MOXHO, YMEHbLUAETCS, KOrja CYMTaeTCs KOPOTKOE BPeMs CCbIIKM TaK Xe, Kak
KNIMMaTUYECKUX BO3AENCTBUIA. HEKOTOpbIE CTAaTUCTUYECKUE AaHHbIE MMEITCS B AokyMeHTax CCIMC [12], oaHako, Bbl-
60p C/lyYaliHbIX CBOWCTB pasfMyHbIX TUMOB, YCTAHOBNEHHbLIX Harpy3oK caenatb 3TO OYeHb TPYAHO CcchopMynMpoBaThb
obwue npasuna. Ecnn ybeanTenbHble AaHHble OTCYTCTBYIOT XapaKTepHble 3HAYeHWs!, YKa3aHHble B TeKYLUMX AOKY-
MEHTOB MOXET 6bITb NPUHATO 6e3 KaKoro-nmbo CHUXKEHMS.

8. Mpumepsl

PaccMOTpUM CTanu CTPYKTYpbl, UMEIOLLEN KOHCTPYKLMIO TPYA0BOM Xu3HM T & = 50 neT, ans KoTopbix
BeposTHOCTb Lenb oTkas ykasaHo ASPD = 7,2 x 10 "5 (/? d = 3,8). BeposTHOCTb OTKasa p Ans anbTepHAaTUBHOIO
oT4YeTHOro nepuoga Ta = 1 roa, KOTOPbIV CYMTAETCS B AM3aliHE M3-3a AaHHbIX, KacaloWMXCs AEUCTBUN, BYAET HUXeE,
YyeM BeposITHOCTL Lienesoi nposan p <\ (p <Pd u /> Pd?); U3 ypaBHeHus (6):

pa=1-(1-7,2 x 10™)°0= 1,44 x 10"°
Koraa 6asucHbili nepyog Ta = T\ = 1 rof cuMTaeTcs B AusaiHe NpoBepku, To MNokasaTenb HaaexHocTn /? U3 ypas-
HeHus (7) B

J?i = - 0-Y(1,44 x 10"°) = 4,7

MHpekc HapexHocTv (5 \ 6onblue, YeM ueneBoe 3HadyeHue Pd = 3,8, ycTaHOBNEHHOro Ans Au3aiiHa TpyaoBOW
»u3Hm Td = 50 ner.

C nomoubto ypaBHeHus (10) napumnanbHoe koadduuneHT 6e3onacHocTy rog ansa Ta = T\ = 1 rog npu ycnosum,
koauumeHT Bapuaummn VR = 0,08 (4TO COOTBETCTBYET 06LUEN M3MEHUMBOCTM NMPOYHOCTU KOHCTPYKLIMOHHOM CTanu)
KO3(pULUMEHT HAaAEXHOCTU AaHO B (CMOTpU Takke dur.2)

YR = exp (- 1645 x 0,08) / exp (- 0,8 x 4,7 x 0,08) = 1,18

O6paTuTe BHUMaHWe, YTO, KOrAa AM3aiiH TpyaoBoW »u3Hu 7d = 50 paccMaTpuBaeTcsl B NPOBEPKE HAEXHOCTY,
TO:

YR = exp (- 1645 x 0,08) / exp (- 0,8 x 3,8 x 0,08) = 1,12
OYeBMAHO, YTO YaCTHbIN KO3DULMEHT / R yBENMUMBAETCS C YMEHbLLEHMEM OTYETHOMO Nepuoaa Ta.
MapumnanbHoe ko3 duLMEHT cobcTBEHHON Macchl YG aaeTcs ypaBHeHueM (14). MpeanonoxuM, onsaTb-Taku,

YKa3aHHbI YpOBEeHb HAZIEXHOCTW A MPOeKTUpoBaHus 50-neTHero cpoka cnyx6bl faeTtcs Pd = 3,8. Eciv npea-
MoNOXWTb, UTO KO3dMUMeHT Bapmaumn VG = 0,1 n yuutbiBas nepuoa BpeMeHU OAMH oA ANst MPOBEPKU HaAEeXHO-
ctn (Pi = /? = 4,7), To YyacTuyHoe H0.I". dhakTop, KOTOpbI A0/MKEH 6biTb UCMONb30BaH,

Y¢~ (13-0,7x4,7x0,1) =1,33
Ecnu npoBepka nepuoa paBeH paboueit )u3HW KoHCTpykumm (Pa = P & = /? 50 = 3,8), To

Y6=(1+ 0,7 x3,8x 0,1) =1,27
TakuM 06pasomM, paznmuns B YG SBNSIETCS MEHEE 3HAYUTENbHbIM, YEM U3MEHEHUE B YT (CMOTPY TaKXE PUCYHOK 3).
[pyras 3aiaya nNpoBepka HaAeXHOCTU CETbCKOX03AMCTBEHHOW CTPYKTYPbI, UMEIOLLEN NPOeKTHYI0 paboyyto XM3Hb 7a
= 25 neT, Ans KOTopbIX NoKasaTeslb HaAEXHOCTU Lienb MOXET 6biTb yMeHblieHa o MA = 3,3 (tabn 1). 3to cneayet
13 ypaBHeHus (10) cneayeT, YTo YacTHbIN KO3 duUMeHT rog anst Ta = 25

Yr =exp (- 1,645 x 0,08)/ exp (- 0,8 x 3,3 x 0,08) = 1,08

KoauumeHT yactuuHol YR MOXeET, No3ToMy, 6biTb yMeHblueHa ¢ 1,15 fo npubnusutensHo 1,1. OaHako ero
CrepyeT noaYepkHyTb, YTO 3TO CHMXKEHWE YT 33 CYET YMeHbLUEHWsI NoKasaTensl LeneBol HaaeXHoCTH Pa =, a He u3-
3a KOpPOTKOro NMPOeKTHOro paboyero »xwu3Hu TA = 25 BMecTo 06bI4HbIX TA = 50 neT.
MpunoxeHue BktodaeT B cebss MathCAD nuct "GammaRG", KOTOpbIi MOXET 6bITb MCMNOMb30BaH, YTO6LI caenaTb
YNCNIEHHbIE pacyeTbl.
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9. 3aksroueHume

(1) B HacTosilwee BpeMs MeXayHapoaHble [OKYMEHTbI LiefeBble 3HaYeHWs OTKasa CBs3aHbl C 9KOHOMUYECKUMM
acrnektamm Mep 6€30MacHOCTM M MOCNEACTBUIMA paspyLUeHUst KOHCTPYKLUUM NULLb CMYTHO, 6e3 Kakow-nn6o
SIBHOW CBSI3W C Pa3fIMYHbIMU pa3paboTumky, paboTatolme xueeT T ANs pasInyHbIX TUMOB KOHCTPYKLMWIA.

(2) Npv anbTepHaTVBa BEPOSTHOCTb OTKasa p W BbIBOAWUTCA 4151 MOAXOASLIMM OTUYETHOro nepuoaa 7a oT Bepo-
SATHOCTW Lieflb OTKasa 3BYKOBasi M AM3aliH TPyAOBOMN XM3HU T.A., YaCTHbIX KO3(PMHULMEHTOB M TaKXXe AOMK-
Hbl BbITb YKa3aHbl XapakTepHble 3HaYeHUs1 NEPEMEHHbIX BO3AENCTBUA HA p M un T &.

(3) Anst BpeMeHHbIX COOPYXXEHMIA, C KOPOTKOM KOHCTPYKLMU paboyelt xwu3Hu T.A., BEpOSITHOCTb LieNeBOM OTKasa
PA MoxeT 6biTb onpegeneHa B COOTBETCTBMM C O6WMMKM NpuHUMNamu auddepeHumaunmmn HageXxXHoCcTw;
HaZeXXHOCTM 3N1EMEHTOB A/11 OCHOBHbIX MEPeMeHHbIX A0/MKHbI ObITb NOMyYeHbl B TedeHWe 3aaaHHoro MA u
TA.

(4) YactHble KO3(DULMEHTBI /, NMONYYEHHbIE ANS anbTEPHAaTUBHOMO OTYETHOMO MepuoAa 7a OTAMYHOM oT TA
MOXXET 3HAUNTENIbHO OT/IMYATLCS OT 3HAYEHWI, COOTBETCTBYIOLWMX MPOEKTHOWN pabouelt xusHu TA 3aBucK-
MOCTU OT PA v pacnpeaeneHusi COOTBETCTBYIOLMX OCHOBHbIX MepeEMEHHbIX.

(5) YacTnuHbllit KoachPUUMEHT cOBCTBEHHOW Macchl YG, COOTBETCTBYIOLLMIA a/lbTEPHATMBHOMO 6a30BOro nepuoaa
Ta nsMmeHsieTcs ¢ /? A-3HayeHUs MeHee 3HaYMTENbHO, YeM napumanbHoe dakTop Matepuana YR- cobcTBeH-
HOCTK

(6) YactHble koadpduMuMeHTbl YR nonyyeHbl Ans anbTepHAaTUBHOrO OTYETHOMO nepuoAa 7a OAMH roA MOXET
6bITb 3HaUMTENBHO 60MbLUE, YeM YR yCTaHOBNEHHOE At AAHHOM KOHCTPYKUMKM paboyei »xm3Hu TA.

(7) B cooTBETCTBMM C pekoMeHAauusMM EBpokogax, XxapakTepHOe 3HauYeHne Ansi KMMMaTUYeCKMX BO3AENCTBUM
n3-3a CHera, COOTBETCTBYIOLLEN 5-NeTHero AOX0AHOCTU (CCbiiKa) CPOK MOXET 6bITb CoKpalleH A0 75% cob-
CTBEHHbIX 3HauyeHuWit ans 50-neTHero cpoka BO3BpaTa, TaK Xe XapakTepHOoe 3HayeHue BeTpa CKOpPOCTb MO-
XKET 6bITb CHUXKEHA 10 85%), MakcMManbHONM TeMnepaTypbl 10 86%, MUHMMarbHOM TeMnepaTypbl 10 63%.

Cnucok nutepaTypbl

[1] Gulvanessian, H. - Calgaro, J.-A. - Holicky, M.: Designer's Guide to EN 1990, Eurocode: Basis of
Structural Design; Thomas Telford, London, 2002, ISBN: 07277 3011 8, 192 pp.

[2] CSN 730031 Structural reliability. Basic requirements for design. (Spolehlivost stavebnich konstrukci a
zakladovych pud. Zakladni ustanoveni pro vypocet), CSNI 1990.

[3] CSN 731401 Design of steel structures. (Navrhovani ocelovych konstrukci), CSNI 1998.

[4] ENV 1991-1 Basis of design and actions on structures. Part 1: Basis of design. CEN 1994.

[5] EN 1990 Eurocode - Basis of structural design. CEN 2002.

[6] ISO 2394 General principles on reliability for structures, ISO 1998.

[7] ISO 13822. Basis for design of structures - Assessment of existing structures, ISO 2001.

[8] EN 1991-1-5 Eurocode 1 Actions on structures. Part 1-5: Thermal actions. CEN, 06/2002.

[9] EN 1991-1-3 Eurocode 1 Actions on structures. Part 1-3: Snow actions. European Committee for
Standardisation, 06/2002.

[10]EN 1991 Actions on structures. Part 1-4: Wind load. European Committee for Standardisation, 06/2002.

[11]G. Konig et al: New European Code for Thermal Actions, Background document, Report N. 6, University
of Pisa, 1999.

[12]]CSS: Probabilistic model code. JCSS working materials, http://www.icss.ethz.ch/. 2001.

Mpuno)xeHus

1 . MATHCAD sheet “"GammaRG.mcd"”
MATHCAD sheet Gamma is intended for determination of the partial factor vz of the resistance R and the partial
factor vG of the permanent load G.

2. MATHCAD sheet “PSIO.mcd”
MATHCAD sheet PSIO is intended for determination of the Combination factor vj/0 for accompanying action.

3 . MATHCAD sheet “PSI12.mcd”
MATHCAD sheet PSI12 is intended for determination of the combination factor ||/ 12 for accompanying action.
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rMABA 1V. NPOEKTUPOBAHUE COBMECTHO C NPOBEAEHMUEM MCMNbITAHUNA
Mropb Kosc !

! MucTuTyT MeTannokoHcTpykumii, NiobnaHa, CnoseHns

KpaTtkas nHgpopmauus

Mpun onpeaeneHHbIX YCIOBUSIX NPOBEAEHNE UCMLITaHUIA MOXET 6bIThb XenaTenbHO UM HeOBX0AMMO ANS rofyde-
HMSI KOHKPETHbIX MapaMeTPoB MPOEKTUPOBAHUSA. TUMWUYHbIE NapaMeTpbl, OnpeaensieMble C MOMOLULIO WUCTbITaHWiM,
BKKOYAKOT BO3,EI,€I7ICI'BVIH Ha KOHCTPYKLMIO, HECYLLYIO CrNocobHOCTb KOHCTPYKUMU UK ee 3JIEMEHTOB U CBOVICTBa MaTe-
pvianoB. VcnbiTaHWsl TakKe MOryT NMpOBOAUTLCS C LIENbl0 KaNMBpPOBKM MapaMeTpoB B TEOPETUYECKON MOAENN Hecy-
Len cnocobHOCTU. PacyeTHoe 3HayeHMe napaMeTpa MOXET 6biTb NOMNYYEHO M3 pe3yNbTaToB UCMbLITaHWUI B KayecTse
npeanonaraeMoro 3HadeHusl onpeaeeHHOro KBaHTMAS paccMaTpMBaeMoro napameTpa. MosicCHeHns K AaHHbIM MeTo-
AaM npueeaeHbl Ana onpeaeneHna oTAeNbHbIX CBOVICI'B n anga onpeaeneHnsa BGDOFITHOCTHOI‘;I Mogenu Hewmeﬁ cno-
cobHocTw.

1. BBegeHune
1.1 CnpaBouHble MaTepuasbl

B pa3nene 5.2 eBponeickoro ctaHaapta EN 1990 [1] npuBeaeHbl Hanbonee obuiMe NpUHLMMBLI NPOEKTUPOBAHUS,
COMPOBOXAAEMOro NMPOBEAEHNEM UCMbITAHUN, U aHa CCbifika Ha npunoxeHne D AaHHOro cTaHAapTa, rae 3Tu MeTo-
Abl paccMoTpeHbl 6onee nogpobHo. Takke MOSICHEHUS K METOAAM NMPOEKTUPOBaHUS, COMPOBOXAAEMOro NpoBeAeHN-
€M UCMbITaHWi1, AaHbl B NpunoxeHnn D MexxayHapoaHoro ctaHzapTta ISO 2394 [2]. 3Tv cTaHaapThl pasnnyatoTcs no
psgy napaMeTpoB B OTHOLIEHWWM K AaHHOMY BOMpocCy. HekoTopble AaHHble O BbIYMCIEHNM CTaTUCTUYECKMX MoKasaTe-
nei npuBeaeHbl B MeXayHapoaHoM ctaHaapTe ISO 12491 [3] u nuTepaTypHbIX MCTOYHWMKAX MO CTaTUCTMKe (Hanpu-
mep, [5]).

1.2 OCHOBHbI€ NMPUHLMUNDI

Mpy onpepeneHHbIX YCNOBUSX NpoBeAeHne UCTIbITaHWIM MOXET BbITb XXenaTenbHO MM Heobxoanmo ans nonyde-
HUS KOHKPETHbIX MapaMeTpoB MPOeKTUPOBaHUA. [TpUMepbl TakMX BO3MOXHBIX YCJ'IOBVII‘/II BKJTIOYalOT:

OTCYTCTBME WM HECOOTBETCTBUE BbIMUCTTUTENBHBIX MOAENEN;

e WCMONb30BaHWe 60/IbLLIOr0 KOTMYECTBA CXOXMX KOMIMOHEHTOB;

e  CJ/lyyau, KOr4a BblUMCIUTENbHas MOAENb NPUBOAMT K pe3ynbTaTaM C 60/blLMM 3anacoMm;

e  BbIBEAEHWE HOBbIX PacYeTHbIX (hopmyn;

e MOATBEPXAEHWE NPEANONIOXKEHWIN, CAENAHHBIX MPU NMPOEKTUPOBaHMUN.
HemnsBecTHble BENNYMHBI, OLEHNBAEMbIE MO pesynbTaTaM UCMbITaHUI, MOFyT BKIIHOYATb:

e  BO3AENCTBMS HA KOHCTPYKUMIO (HanpuMep, BETPOBbIE Harpysku);

e AVHaMWMYECKYH XapaKTEPUCTUKY KOHCTPYKLMM MOA BO3AEUCTBMEM MOCTOSIHHOMN MM ClyYalHOM Harpysku;
e MPOYHOCTb M YCTOMYMBOCTb KOHCTPYKLIMM U/ €€ 3NEMEHTOB.

YpoBeHb HaAEXHOCTU KOHCTPYKLMIA, PaCCUMTbIBAEMBIX NMPU UCTIbITaHUSIX, A0DKEH BbiTb, MO MEHbLIEN MepPE, TaKUM
e, KaK Ansi KOHCTPYKLIMI, pacCuUMTbIBAEMbIX TOSTbKO C MOMOLLBIO PacyeTHbIX Moaene.

OueHKa pe3ynbTaToOB MCMbITaHUA [O/KHA OblTb OCHOBaHa CTAaTUCTUYECKMX MeToaax. Pe3ynbTaTbl MCMbITaHWN
[OMXHbI B NMPUHLMME BKKOYaTb pacrnpefenieHne BeposiTHOCTENW HEU3BECTHbIX BESIMYMH, BKIIKOYasi CTaTUCTUYecKue
HeonpeaeneHHocT. [laHHOe pacnpefeneHve SIBMSIETCS OCHOBOMN ANst MOMYYEHWUs PacYETHbIX 3HAYEHUA U YaCTHbIX
ko03chMUMEHTOB. BO3MOXHO MCMONb30BaHUE KNAaCCUYECKON CTaTUCTUYECKOW UHTEprpeTaumnmy, B Clly4ae eciu BbInos-
HSIETCS KpynHas Cepusi UCMbITaHWM, UK NpY BbINMOTHEHUN MeHbLUIEN CEPUM UCMbITaHWI C Lienblo kanMbpoBKM Moaenu
C O[HWM WU HECKONbKUMK NapameTpamu. Mpu BbIMNOSHEHUM HEBOSBbLLOMO KOMMYECTBA UCTbITAaHUM, UCMOMb30BaHUe
KJTaCCMYECKOW CTaTUCTUYECKOM MHTEPrpeTaLmMM HEBO3MOXHO. Mpu Hannuum npeaBapuTesibHbIX AaHHbIX O pacrpese-
NEHUN UCCNeayeMblX BEMMYUH, pe3ynbTaTbl UCTIbITaHUA MOXHO MHTEPNpPEeTMPOBaTh Kak CTaTUCTUYECKUE, UCMOSb3ys
HaliecoBckve MeTOabI.

PacyeTHble 3HaueHNs Ans CBOMCTBA MaTepuana, napaMeTpa MOAENN UK HeCyLleid CriocobHOCTU MOAENN AOSKHbI
6bITb MONyYeHbl M3 UCMbITAHUI NME0 NyTeM (a) OLEHKM XapaKTEPUCTUYECKOTO 3HAYEHUS! U MPUMEHEHUSI COOTBET-
CTBYIOLLMX YACTHBIX KO3(DULUMEHTOB M KO3 dPUUMEHTOB NpeobpasoBaHus, nmbo nytem (6) npsmoro onpeaeneHus
PaCcYeTHOrO 3HAYEHUSI HESIBHO MM SIBHO, OTBEYAOLLEro 3a TpebyeMyto HaaEXHOCTb U NPeobpa3oBaHusl Pe3ybTaToB.

Mpy onpeaeneHnn xapakTepucTUHECKoro 3HaueHusl HeobXoAMMO MPUHUMaTL BO BHUMaHWe pa3bpoc pesynbTaTos
UCMbITaHWUI, CTaTUCTUYECKYIO HEOMPeAENeHHOCTb, KOTOpasi CBsidaHa C KONMYECTBOM MCMbITaHUIA U anpuopHbLIMU CTa-
TUCTMYECKUMM AaHHBIMU. YacTHble KO3 MULIMEHTBI A0MKHbI 6bITh 3aMMCTBOBaHbI M3 COOTBETCTBYIOLMX EBponenckux
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HOPM MPOEKTUPOBAHUSA. BbluMcnUTENbHbIE MOAENN AOMKHBI YUMTLIBATb Pa3fvynsg MeXAy 3arnjiaHMpoBaHHLIM Nopsj-
KOM MCMbITaHWUI U peanbHbIM XO040M UCTIbITaHWN.

B cnyuae, korga ucnonb3yetcs MeTog (6), HEO6XOAMMO YUUTLIBATL NpefenibHblE COCTOSHUA U TpebyeMblid ypo-
BEHb HAZEXHOCTY.

1.3 MNpeasapuTesibHble CTaTUCTUUHECKUNE NMOHATUA

OcHoBHas uaesi, NOMoXKEHHas B ypaBHEHUS! AN ONPeAeneHns PacHETHbIX 3HAUEHMIA U3 UCMILITaHWIA, 3aKTl0UaeTCs
B CNeflytoLLEM: BbIGOPOYHBIE 3HAYEHUS Xi, X5,..., X, (HANPUMEP, 3HAUYEHUS, NMOMyUYEHHbIE B pe3y/bTaTe /+-ro KONNYecTsa
WUCTbITAHWIA) MOrYT PaccMaTpuBaThCsl Kak Habnioaaemble 3HauYeHUs /7 OIHOW W TOW e CITYYaHOW nepeMeHHoi X
OnHaKo Mbl MOXEM B PaBHOM CTEMEHM PacCMaTpuBaTh 3TW 3HAYEHWUs /1 KakK eAnHWYHoe HaboaeHne cydaiiHbix ne-
pEMEHHBIX 17 X, X,..., X, (CrlyyaitHoro BekTopa X), KOTOpble UMEIOT OAMHAKOBOE pacnpeaeneHue (pacnpeaeneHue X)
N ABNAIOTCSA HE3aBUCKUMbIMU, NMOCKOJ/IbKY NPEANOoaraeTcs, YTo BbIGOPOYHbIE 3HAYEHUS A0MKHbI 6bITb HE3ABUCUMBI.

MpumMmep 1.

MpY NpOBEAEHUMN UCTILITAHWIA BbIGOPKM /7 BbIAN MOMYYEHbI 3HAUEHUS Xy, X, ..., X, AN NapamMeTpa X. Mpeanonoxum,
napameTp X SBAsSieTCa C/ydvaiiHol NepeMeHHON CO CPEAHWMM 3HAuYeHWEM 4/ U CTaHAApPTHbIM OTK/IOHEHWEM O, KaKuM
ABNSAETCA CpeHee 3HaUYeHWe /M U CTaHAAPTHOE OTK/IOHEHWE S CPEAHEro 3HAYeHUS BbIGOPKU?

[ns pelieHns fJaHHOW 3a4a4v UCMOSb3yeM OfHY M3 TEOPEM TEOPUM BEPOSITHOCTEN: €C/IM M3BECTHbI HE3aBUCUMbIE
CyyaiiHbIe nepemMeHHble 71 X, X,..., X, N A, SBNSI0TCS NPON3BOMbHBIMU YNCIaMK, TO CIEAYIOLLME BbIPAXEHNS UMEIOT

cuny:

E(Z(aiXi)) = ZaiE(Xi) 1)
D(X(a,X,))-Xa’D(X,)(2)

rae E(X) w D(X) npeacrasnsioT coboli cpeaHee 3HaueHve (0XKMAAEMOE 3HAYEHWE) U OTKIIOHEHMWE (ancrnep-

C1I0) CrlyYaliHol nepeMeHHoON X. BbickasbiBaHie O CPEIHEM 3HaYeHUM CrIpaBeJIMBO, AAXE e/ nepeMeHHble X, He
ABNAOTCA HE3ABUCUMbIMU. BaXKHO OTMETUTBL TaKXKe, YTO X pacrpeaenseTcs NpousBosibHO.

PaccMOTpUM  BBIGOPKY X, X,...,X, KaK  peanu3aumio  ClyyaiHblX  MEpPeMeHHbIX  Xi,%,....X,. Toraa
M = Z(X l.)/ 7 TaKkxe 6yaeT SBAATbLCS C/lyvaliHOW MEpPEMEHHON, peanusaumns KOTOpoW SIBNSIETCS CpeaHUM 3Hade-

HUEM BbI60pKVI. Ecnu npuHATb a, = 1/n 8 NpeACTaBNEHHbIX BbIllE YpaBHEHUAX, TO NONYYUM CNeEAYOLWME BblpaXe-
HUS NSt CpefHero 3HayeHus /717 1 CTaHAAPTHOIO OTK/IOHEHMST S BbIBOPOYHOrO CpeiHero 3HayeHus:

m=EM)=EQ(X,)/n)—(XEX,))/n)=nu/n=pu (3)

s> =D(M)=D((X,)/n)=(XD(X))/n’)=nc’/n’ =c"/n (4)

Mbl y6exxaaemMcs, YTo Npy yBeMUYEHUN YnCia BbIBOPOK (KOMMYECTBA UCMbITaHWI), 0XnaaeMoe 3HayeHne cpeaHe-
FO 3HAUEHWS OCTAETCs NPEXHUM (M paBHBIM CPEHEMY PacCuMThbIBAEMOMY MapameTpy), OfHAKO CTaHAapTHOE OTKIO-

HEHWE COKPALLAETCS MyTEM WU3BMEUYEHNS KBAAPATHOMO KOPHSA U3 yncia Bbibopok. KoadduumeHT Bapuaumii cpeaHero
3HaYeHMs BbIBOPKU PABEH:

V, =s/m=c/(un)=V,/n) (5)

a TaKke cokpaLuaeT uncro Bbibopok. CootHowenune V), / V', nokasaHo Ha puc. 1.
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Puc. 1. Cootrowenme V,, / V', kak dyHkuus uncna sbibopok. V', — koadduumeHT Bapuaumum cpep-

Hero 3HauyeHus Bbi6opkK, /', — KoacdnuUMeHT Bapnaumm U3MepeHHOro napaMerpa.

Kak 6bl110 CKa3aHO Bbille, BbICKA3biBaHUs O pacrnpeaenieHun napametpa X nNpeacTaBieHo He 6bino. Bolwenpuse-
AeHHble (hOpMyIbl MPUMEHWUMBI NMPU NMPOU3BOJSILHOM pacrpeaenieHnn. Ecim cnydaiiHas nepemMeHHasi X pacnpeaensieT-

Cs1 HOpManbHO, TO M cyMMa ., X, Takke pacripeaensieTcsi HopMasnbHO, Kak U cpeaHee 3HaueHue M. 3To credyeT u3

1
Toro ¢akTa, YTo NMHENHasi KOMOWMHaLMSI HECKOSIbKMX HOPMasibHbIX CrlyYaiHbIX MEepeMEHHbIX Takxke SIBNSIETCS Hop-
MasibHOW C/lyYalHON MepeMeHHON (Aaxe eCnn 3TU MepeMeHHbIE He SIBMSIOTCS He3aBUCUMMbIMK, CM. npumep [5]).
Cxoxxee CyaeHue CnpaBeasiMBo Ans forapudMmnUeckn HOpManbHOrO pacnpeaeneHus: ecim ciydaiiHas nepemMeHHas
X pacnpepensieTcst norapucMUYeckn HopMasbHO, TO CpeHee 3HaueHne M Takxke pacnpeaensieTcs norapubMmyeckm
HopMarbHo. MpsiMoe cneacTBue ONpeaeneHns: ecnu X sIBNSieTCsl HOpMasbHOW ClydYalHOW nepeMeHHon, To Y=In(X)
ABNSIETCS NnorapudMUUEcKM HoOpManbHOM Cy4YaliHOW NepeMeHHON.

Mpumep 2.

Mpy UCMbITAHMAX HA PacTAXXEHUE Npeaen TEKYYecTU O, W NPOYHOCTb Ha pacTskeHne O, Obln M3MepeHbl Ha
N=45 o6pasuax ogHoro 1 Toro Matepuana (ctanu). O6pasubl 6binM LMIMHAPUYECKOW (POPMbI C AMAMeTPoM d. B Tab-
nmue 1 aaHbl U3MepeHHble 3HaueHns (B MunnumeTpax u MMMa). [ins Kaxaoro ciyyaiiHoro napameTtpa oy O, W d

m
paccuntaTb KoadduumeHT Bapmaummn |/, cpeaHero 3HaveHus Bbibopok n=1,2...,N 1, ecnm npeanonoxutb, 4to V=Vy
aBnseTca KoahdUUMEHTOM BapvauMn AaHHOrO napaMeTpa, COCTaBUTb COOTHoWeHue V,/V kak ¢dyHKUMIO Yyncna Bbl-
60pok n. CpaBHUTL C ypaBHeHue (5).

Ta6nuua 1. Pe3ynbTaTbl UCNbITAHUI Ha pacTs)KeHUe.

d cry Gm n d CCy |ICM |n d CCy [OM |n n Cy om
798 (816 924 |13 |7,98 |832 949 |25 |8 818 [907 |37 |7,98 [829 930
8 845 1944 |14 7,98 [811 932 |26 |7,98 828 940 |38 |7,98 [810 |904
8 832 1948 |15 7,97 840 937 |27 7,99 |817 1941 |39 |7,96 (832 |925
799 (830 (925 |16 |8 839 1934 |28 |7,97 851 959 |40 |7,99 [823 |916
798 (846 969 |17 |8 855 1943 |29 |7,98 855 970 |41 |7,98 [826 |957
795 (821 (937 |18 |7,98 [830 [928 |30 |7,99 (847 |947 |42 |8 829 931
798 (826 (928 |19 |8 833 /934 |31 |7,98 822 921 |43 |7,98 |815 |910
799 (822 (934 |20 |7,98 [826 934 |32 |7,98 836 |925 |44 |7,98 |826 |942
796 (841 |956 |21 |7,98 |836 942 |33 |7,97 [830 945 |45 |8 823 932
10 799 (807 |946 |22 |7,98 [843 [948 |34 |7,99 |[830 |938
11 797 (831 (942 |23 |7,98 |840 937 |35 |7,98 |[845 |945
12 798 (830 (926 |24 |8 847 1928 |36 |8 829 [934

OO |IN|O(U|[h|WIN[—(D

B nepByto ouyepeab paccuMTaeM nocnefoBaTeNbHblE CpeaHue  3Hadenuss =X,  mh=(x+x%)/2, ..,
my=(x+X+...+xy)/ V. 3aTEM PacCMOTPUM /% KaK peanusauunio ClydyalHol NepeMeHHOW U NosyumMM cpeaHee, CTaH-
[JapTHOE OTKJIOHEHUE U KO3(UUNEHT Bapuaumm nocneaoBaTenbHbix Beibopok (), (my,m), ..., (my,ms,...,my). MNo-
BTOPWUM 3TOT MPOLIECC ANSt TPEX CyYalHbIX NEPEMEHHbIX X : AnaMeTp obpasua, NPOYHOCTb Ha pacTshKeHUe U npeaen
TeKy4yecTu. Pe3ynbTaTbl MOKasaHbl Ha puc. 2 B BuAe rpadvka kosdduumeHTa Bapuaumn V, NnpotMe umMcna BbI6OPOK.
PasHMUa Mexay aHanMTUYECKUMK pesynbTaTaMu M pesynibTaTaMy UCTIbITaHWUIM Takke CBsi3aHa C TEM, YTO HaM Heus-
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BECTHO UCTUHHOE 3Ha4eHune KOBd)(bVILI,MeHTa Bapuauuun V. BMecTto Hero Mbl NMOACTaBUN 3HAYeHue Oy /IIJN , pac-

CYMTAHHOE C MOMOLLbIO CPEAHErO U CTAaHAAPTHOTO OTKIOHEHUS BbIGOPKM BCEX 3HaUeHu N Ans KOHKPETHOro napa-
MeTpa B Tabnuue 1.

1,2
1
y 0,8 '—analytical
2 o —— yield stress
E 0|6 .. v
=~ “?:'q.. = tensile strength
04 ™ + diameter
0,2
0

0 5 101520 25 30 35 40 45 50

number of samples n

Puc. 2. KoachcduumeHT Bapuauum V, cpegHero 3HaueHus kak (pyHKUMS uncia Bbi6opok. CpaBHeHHue
QHa/IMTUYECKUX Pe3y/ibTaToB C pe3y/ibTaTaMyu U3 UCNbITAaHWUA.

2. CtaTucTUUecKoe onpeaeneHne oTAe/IbHOro CBOMCTBa
2.1 OCHOBHbIE NMPUHLMUMbI

B paHHOM pa3gene npviBefeHbl BblIpaXeHUs ANS BblYMCNIEHUS pacyETHbIX 3HaYeHuM NnapaMeTpoB npeaena npoy-
HOCTU nnu BKCHﬂyaTaHHOHHOﬁ HaACKHOCTHU KOHCTPYKIUU WK €€ 3JICMCHTA, a4 TaKKC JIS1 OLICHKH pacyeT-
HbIX 3HaYeHMI1 CBOMCTB MaTepnanos.

Mpennonaraercs, YTO BCE NepeMeHHble NOABEpralTCcs HOPManbHOMY WKW NOorapudMUMUeckn HopManbHOMY pac-
npeaeneHnio, U YTo He CylecTBYeT npeaBapuTeNbHbIX AaHHbIX O CPEAHEM 3HayeHun. PaccmaTpuBaloTcs ABa cinydas
B OTHOLUEHUWM HaNMuMs AaHHbIX O CTaHAAPTHOM OTK/IOHEHWMM, @ UMEHHO <U3BECTHOE Jy> U «Heu3BecTHoe Oy». B
craHgapTe EN 1990 [1] npeanonoxeHns 0 U3BECTHOCTU Oy 3aMEHSIIOTCS MPEANONOXEHWEM O U3BECTHOCTU KO3(du-
umeHTa Bapuaumun Vy(cM. Takoke KoMMeHTapuu B pasgene 4.6 MNMpunoxeHusa 1 PykosoacTtsa H1). Ha npakTuke yacto
npeanoyYTUTENbHEE UCTONL30BaTh "HE U3BECTHOE V' Hapsaay C oueHKoW I/ C 3amacoM BMECTO MpPeanosioXeHus "uns-
BecTHoro Vy'.

B EBponeickux HopMax npoektuposaHus Eurocode 1990 [1] onpeneneHne XapaKTepPUCTUUECKOrO 3HaYeHUst X
WM pacyeTHOro 3HauyeHust Xq paccMaTpuBaeMoro napameTtpa X (CBOMCTBO MaTepuana, Hecyllasi CnocobHOCTb Mu
MoAenb) OCHOBAHO Ha MeToAe MpOrHO3MpoBaHUSl KBAHTUMIb OuUeHKu (6onee noapobHas MHdOpMaums npuBeaeHa B
pa3aene 4.3 MNpunoxeHust 1 PykooactBa HI). AHanornyHble pesynbTaTbl MOryT ObiTb MOMYYEHbI C MOMOLLBIO METOAA
(bpaKkLUMOHHOM OLIEHKM KBaHTUNS € ypoBHeM foBepusi 0,75. B cneaytowmx AByx NpMMepax 3TOr0 MeToAa O6bsCHSeT-
cs.

Mpumep 3.

Mpu UCMbITAHUM HAaMK BbIIM NOJTYYEHbI 3HAYEHUS X4, X5,..., X, MAPAMETPA X, KOTOPbIA NPUHST KaK pacnpeaeneHHbIN
HOpManbHO. [JonycTMM, YTO CTaHZAPTHOE OTKIOHEHWE Oy U3 COBOKYMHOCTU W3BECTHO, OMpeAesiM 3HayeHue K Tak,
YTOObI Mbl UMENM BEPOATHOCTb ) (YPOBEHb AOBEPMS), UTO UCTUHHOE CpeHEE 3HaYeHne napameTpa U, byaet 6onbLue,
YyeM cpeaHee 3HayeHne BbIBOPKM /77, COTNIACHO YPaBHEHUIO:

X,=m_—ko < u (6)

[pyruMun cnosamu, Mbl pellaeM creayowee ypaBHeHue:

P(m,—ko,<p)-y @)

Kak Mbl nokasanu (cM. ypasHenus (3) u (5)), cpeaHee 3HayeHUe BbIGOPKU /7, SIBMISIETCS ClyYalHON NepeMeHHOM

CO CPEeAHWM 3HAYEHWEM Ly U CTAHAAPTHBIM OTKIOHEHWEM Ty / V. ECIN Mbl YMHOXMM MPUBEAEHHOE BbllLe HepaBeH-
CTBO Ha -1, 106aBUM 3HAUEHUE /7, U MOLAENUM Ha Ty / V71, TO NONyUnM:
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P((m, - uWn /o, <kdn=u)y (8

rae BblpaXKEHME C JIEBOM CTOPOHbI HEPABEHCTBA MpPeACTaBseT coboi CTaHAAPTM3MPOBaHHYIO HOPMaslbHYIO nepe-
MEeHHYI0, @ 4, NpeacTaBnsieT coboii KBaHTW/b CTaHAAPTU3MPOBAHHOIO HOPMasbHOTO pacripeaerneHusi, COOTBETCTBYIO-
Lero BeposTHOCTU . CneaoBaTenbHO, 3HaUYeHNE & PaBHO:

k=u,/\n 9

MpumMep 4.

Mbl UMeeM Ty Xe cuTyaumio, 4To B lNpuMepe 3, ogHako Tenepb CTaHAapTHOE OTKIOHEHWE Oy HEW3BECTHO. Ham
He06X0AMMO HaWMTW Takoe K, YTOBbI Mbl UMENWN BEPOSITHOCTb ), YTO UCTUHHOE CpeaHee 3HayYeHne napameTpa L, byaer
6onblue, YeM cpefHee 3HaueHue BbIBOPKW /71, COrNTACHO YpaBHEHMIO:

X, =m,—ks_ < u_(10)

Mbl UCMONb3YEM CNEaYIoLLY0 TEOPEMY: €C/iM BCe YCI0BUSI COOTBETCTBYIOT YCnoBusiM B lMpumepe 3, U s, npea-
cTaBnsieTcs cobovi CTaHAAPTHOE OTKIIOHEHWE BbIGOPKM:

s, =2(x,—m,)’ /(n—1) (11)
Toraa cnyqaﬁHaﬂ nepeMeHHas

(m, — u)Nn/s, (12)

UMeET EpacnpedeneHne co cTeneHbto ceoboabl /7+1.

Tenepb Mbl NPOAO/KAEM PELLIEHWUE TOUHO TakK Xe, Kak B [puMepe 3 1 nonyyaem 3HaveHue &
k=t /\n (13)

rae t, npeacraenseT coboii KBAHTUNb &-pacnpeAeneHns CTeneHu /-1, COOTBETCTBYIOLLMIA BEPOSITHOCTH V.
2.2 OuyeHKa yepes XxapaKTepucruyeckoe 3HayeHune

Mpwn onpefeneHnn pacyeTHOrO 3HaYeHUs X NapaMeTpa X U3 paccuMTbIBAEMOro XapaKTepUCTUYECKOro 3HaUYeHMS
Xe, Mbl UCMIOSb3YEM Criedytollee YpaBHEHNE B COOTBETCTBUM C EBponeickuMmn HopMaMu npoekTupoBaHus Eurocode
1990 [1]:

X, =n,X,17, (14

e XapaKTepucTuyeckoe 3HadeHne X nosyyeHo

Xy =m.(1-kJV,) (15)

[laHHOe ypaBHeHWe COOTBETCTBYET ypaBHeHMIO (6) ¢ koaddumumeHToM Bapyaumm V,, NonyyYeHHoro:
V.=0oc_ /m_(16)

Vm NPEACTaBNSIET CO60M YacTHbIN k03hdUUMEHT Ans nNapameTpa X, 1 OH A0HKEH 6biITb 3aMMCTBOBaH M3 COOTBET-
cTBytoLmMX EBponeickmx HopM npoekTupoBaHust oT EN 1992 no EN 1998. 7, npeacTaBnsieT cobol pacyeTHoe 3Hade-
Hue koacdduumeHTa npeobpazoBaHus. [aHHbIN KO3 hULMEHT OXBaTbIBAET pasnnuus MeXAay ycroBusiMu nabopaTop-
HbIX UCMbITAHWI U YCNOBUSMU B TeUeHWe (HaKTUYECKOro UCMOb30BaHUs. 3Ha4YeHue K, MOyYeHO METOAOM MpPOrHO3W-
pOBaHWUSI OLEHKN KBAHTWUS U PaBHO:

k, =—u,1/n+1)""* (17)

B cnyvae ecnm koadduumneHT Bapuaummn Vy M3BecTeH, Toraa u, 6epetcs kak KBaHTWb CTaHAapTU3MPOBaHHOIO
HOPMasnbHOrO pacnpeaesnieHuns, COOTBETCTBYIOLLMI BEPOSITHOCTU p. NS XapaKTEPUCTUYECKUX 3HAUYEHUI OTAENIbHOMo
cBOIiCTBa BeposTHOCTb p=0,05 ncnonb3yercs TakuMm o6pasom, YTobbl u,= - 1.645. B cnyyae ecnm koadrLMEHT Ba-
puaumn Vy HeU3BECTEH, TO BMECTO U, UCMONb3YETC KBAHTWIb £, f-pacnpefenieHns co cTeneHbio csoboabl 71— 1, co-
OTBETCTBYIOLLUMIA BEPOSTHOCTM p. KO3chPULMEHT K, 3aBUCUT OT KOSIMYECTBA BLIGOPOK /7 M NpVBEAEH B Tabnuue 2 ans
ABYX CrlyyaeB, «u3BecTHoe V» 1 «He nssectHoe V» un ansa sepoatHoctn p=0,05.
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Ta6bnuua 2. 3HaueHue L, A NATUNPOLIEHTHOINO XapaKTepUCTUYECKOro 3Ha4YeHus.

n 1 2 3 4 5 6 8 10 20 30 00
ussectroe V, 2,31  [2,01  [1,89 [1,83 (1,80 [1,77 [1,74 (1,72 [1,68 1,67 |1,64
HemssectHoe V, |- - 3,37 (2,63 (2,33 [2,18 [2,00 (1,92 [1,76 1,73 |1,64

Yncna B Tabnumue OCHOBaHbI Ha JOMYLEHNSX <U3BECTHOE Oy» U «HENU3BECTHOE Oy». B cranaapte EN 1990 [1] atu
[OMyLLEeHNs 3aMeHeHbl npeanosioxeHneMm 06 nssectHocTn koadduumneHTa sapuaummn V,. Ecnm ctaHgapTHoe OTKO-
HeHWe Oy U3BeCTHO, Toraa V, fomkeH 6blTb BbIUMCIEH C NOMOLLbI0 ypaBHeHust (16). Ecnn oy nnn I, He M3BECTHBI,
Toraa Vy BblUMCNISETCA C MOMOLLbIO CTaHAAPTHOIO OTKIOHEHMS BblI6opKkM S, (YpaBHeHue (11)) cneaytowmm obpasom:

V.=s_/m, (18)

B BbiluenpuBeaeHHbIX NpUMepax MpeanonaraeTcs, Yto nepeMeHHas X pacnpeaensieTcs HopManbHo. YTo ecin X
6yneT pacnpeaensTbcs IorapudMUUECcKU HOpManbHO?

Korga mapameTp X pacnpegensercs JiorapudMuueckyu HopMasnbHO, Mbl UCMOMb3yeM MNpeobpasoBaHue In X=Y,
4TO6bI MONYYMTL MEPEMEHHYIO Y, KoTopast pacnpeaensieTcst HopManbHo ¢ NV ( u,,o, 2) (cm. Takke Mpunoxerue A K

PykoBoacTey H1). OTHOLIEHNS MEXAY CPEAHMM 3HAUEHVEM M Bapuaumeit 06enx nepeMeHHbIX:

ty =1n(u )10, + 1) 19)

o =ln(l+0./u’)=1n(1+ V) (20)

Ecnmn napametp X pacnpegensietcst norapudMmnyeckn HOpMasnbHO, TO Mbl MPOAO/IKAEM BblUMUC/IEHME CleayoWmnM
obpa3om. Mpeobpasyem Bce aKCNeprMeHTanbHble pe3ynbTaTbl COrMACHO YPaBHEHMIO:

y; =In(x,) (21)
1 BbIUUCNISIEM CPEAHIOD BENMUUMHY BbIGOPKU /17y U3 3HAUEHUIA )i
my =2.(y,)/n (22)

Torga, ecnn koadduumeHT Bapuauum Iy, U3BECTEH, Mbl BbIMUCNSEM Oy cornacHo ypaeHeHuto (20), Vy u3 ypasHe-
HUs (16), &, u3 Tabnuupbl 2 1 3aTeM BblUMCASEM Y U3 ypaBHeHus (15), ncnonbsysa myu VyBmecto myn V. Ecnm ko-
apPULMEHT Bapuaummn I, HeUsBeCcTeH, BbIYMCISEM BapuaLmio BIGOPKH:

s,0 =2y, —my)* /n—1 (23)

Vy u3 ypaBHeHus (18), &, u3 Tabnuubl 2 1 3aTeM Mbl BbluMCNSEM Y U3 ypaBHeHus (15), ncnonbsysa myun Vy Bme-
cto myn V..

HakoHel, Mbl Npeobpa3yeM BblUMCIIEHHOE XapaKTEPUCTUYECKOE 3HayYeHue Y = my k oy (Mnn my- k Sy) NnepemMeHx-
HOW Y B XapaKTepucTuyeckoe 3HayeHue X nepBoHayanbHoOM nepeMeHHon X:

X, =exp(my, —koy,) (24)

B Cny4ae, ecnu I, 3BecTeH u

X, =exp(my, —ks,) (25)

B Cfiyyae, ecnm VX HenseecTeH. Toraa pacyeTHas BennunHa Xd BblUMCIISIETCS, UCMONb3ys ypaBHeHue (14).
Mpumep 5.

BosbMeM 3KCrepuMeHTanbHbIe AaHHble U3 npumepa 2 1 kosdduumentsl 7, =11 n 17, =0,8.

Bbluncnute pacyeTHoe 3HaueHue npegena npoYyHocTU Yyeped 5%-yio XxapakTePUCTUYECKYIO BEJIMYMHY M3 MEPBbIX
5 akcnepuMeHTanbHbIX 3HayveHuid. MpeanonoxuTe oba cnyyas, V.. = 0,05 (u3BecteH) u V, HeussecTeH. Mpeanono-
XuTe TaKkke oba TMNa pacnpeaeneHnsi: HopMasbHbIN U TorapudMUUeck HOpMasbHbIM.

[na Havana nNpeanonoXuM, YTO Mpegen NpPOYHOCTU pacnpeaenseTcs HopMmanbHo. CpefHas BenuyuMHa BbiGopKu
U3 nepBbIX N=5 3HaueHuit ucnbiTaHuii mM=942 MMa, n cTaHaapTHOEe OTKNIOHEeHMe Bblbopkn s=18.59 MMa. Koadduuu-
eHT Bapuauum — V, = 18.59/942=0,01973. ns cnyyas «m3BecTtHoe V,» Mbl nonyyaem m3 tabnmubl 2 k,=1,80, n pac-
YEeTHOE 3HAYeHNe COCTaBIAET:
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Oy = 0.8%942x (1-1,80x0,05)/1,1 = 623,4MPa.
[nsa cnyyas «HenssecTHoe V,» Mbl nonyyaem mn3 Tabnuubl 2 kn=2,33 1 pacyeTHoOe 3Ha4eHue:
Oy = 0.8%x942x (1-2,33%0,01973)/1,1 = 653,6 MPa.

3aTeM npeanonoXuM, YTo npeaen NPoYHOCTU pacnpeaeneH norapudmmuecky HopManbHo. Mpeobpasyem 3Haue-
HUS npedena NpoYHOCTU, UCMOMb3ys ypaBHeHVe (21) u BbluMCNSiEM, CpefHee 3HayeHue BblIbopku U CTaHaapTHoe
OTK/IOHeHue sy=0,01967 In(MMNa). Ansa cnyyas «n3BecTtHoe V,» Mbl nony4vaem:

V, = (In(1+0,05%))""? /6,85 =0,00729 u s, —0,00729 x 6,85 = 0,04997 In(MPa)
u3 Tabnumupl 2 kn=1,80, 3HaueHwne Yk = 6,85-1,8

Y, = 6,85-1,8x0,04997 = 6,76 In(MPa)

N paCyeTHOE 3Ha4YeHune:

Oy = 0.8xexp(6,76) /1,1 = 627,4MPa.

[nsa cnyyas «HensBecTHoe V» Mbl nonyyaem ns tabnuubl 2 kn=2,33, 3HayeHue Yk = 6,85-2,33

Y, =6,85-2,33x0,01967 = 6,80In(MPa)

W pacyeTHOe 3HayeHwue:

Oy = 0,8 xexp(6,80)/1,1 = 655,7MPa.

Mbl BUAUM, UYTO AN 06OMX TUMOB pacrpeferieHnsl pacyeTHoe 3HayeHue Gonblue Ans cnyyas «HeussecTHoe Vp»
yeM Ansa cnyyas «u3BecTHoe Vj». MpuunHOW SBNSIETCS TO, YTO Mbl MPUHSAM HamHoro Gonblumin V. B cnyyvae «um3-

BECTHOE V,», UTO 3TO AENCTBUTENbHO Tak U eCTb. Ecin 6bl Mbl NpuHsAnu V,. = 0,015, kak BUAHO M3 BCEX pe3y/bTaToB
UCMbITaHUI, TOraa 6bl Mbl MOMAYYUIN:

HopManbHOe pacnpefeneHue, «u3BectHoe /»:

Oy = 0,8x942x(1-1,80%0,015)/1,1 = 666,6 MPa.

JlorapudMmUyeckn HopManbHoe pacnipeaenenme, «ussectHoe V», s=(In (1+0,015%)) ¥2=0,015
Y, =6,85-18x0,015=6,82In(MPa)

Oy = 0,8xexp(6,82)/1,1 = 668,2MPa.

2.3 Mpsimasi oleHKa pacyeTHOro 3HauYeHus

Mpu onpeeneHnn pacyeTHOro 3HauYeHNs X, HanpsIMyIo, UCMONb3yeTcs cneaylowas GopMyna:
X,=nmy(1- kd,nVX) (26)

B ciiyyae ecnv UCMONb3yeTCs AaHHbIM METOA, HEOH6XOAMMO YUMTLIBATb COOTBETCTBYIOLLME NPEAEbHbIE COCTOSHUS
n TpebyeMblii ypoBEHb HaaeXHOCTU. KoapduumeHT npeobpa3oBaHus /), AO/KEH OXBaTbiBaTb BCE HEOMpeAESEHHO-
CTW, KOTOpble He 6bln BKIOYEHBI B UCMbITaHUE. KO3 MULMEHT Ky, NOMYYEH METOAOM MPOrHO3MPOBAHWUS OLIEHKM
KBaHTUNS € 6bonee HU3KMM 3HadeHneM, npnbnusmtensHo pasHbiM 0,1 % (BeposTHocTb p=0,001). Korga koaddmum-
€HT Bapuauumn V;, n3secteH, Torga npeanonaraeTcs, 4To napameTp X pacnpeaensieTcsl HopManbHO U Ky, UMeeT cne-
Aytollee 3HaveHue:

172

kg, —u,(l/n+1)"" (27)

¢ kBaHTMnem 0,001 cTaHAapTM3MPOBAHHOrO HOPMAsbHOro pacnpeaeneHus u,= -3,09 (3HaueHue -3,04 ucnonb3y-
eTca B EBponeiickux HopMax npoekTupoBaHus Eurocode 1990 [1]). Koraa koadduuMeHT Bapuauum V, HEU3BECTEH,

TOrfAa KBaHTWb &, £pacripeaeneHusi co cTeneHbio cBo6OAbI /71-1, COOTBETCTBYIOWEN BeposiTHOCTU p=0,001, ucnosb-
3yeTcst BMECTO U, KoahULMEHT Ky, 3aBUCUT OT KONIMYECTBa BbIGOPOK /7 1 NpeacTaBneH B Tabnuue 3:
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Ta6bnunua 3. 3HaveHuns A, ANs NPAMONA OLIEHKM PacyeTHOro 3Ha4eHus.

n 1 2 3 4 5 6 8 10 20 30 00

V, n3BecteH 4,36 3,77 3,56 3,44 3,37 3,33 3,27 3,23 3,16 3,13 3,04
V, He U3BECTEH |- - - 11,40 7,85 6,36 5,07 4,51 3,64 3,44 3,04

Mpumep 6.

Micnonb3ys AaHHblE M3 NpUMepa 5, BbIYMUCIMTL pacyeTHOe 3HadeHue npedena NpoYHOCTU, UCMOoMb3ys NPAMOii Me-
ToA.

Bo-nepBbIX, NpeanonoXxuM, YTo npeaen npoYHOCTM MMEET HopMasbHoe pacnpegeneHue. nsa cnydas « V. unsse-
creH» (V4.=0,015) noacrasnsiem u3 Tabnuupbl 3 3HaveHue k;,=3,37, N pacyeTHoe 3HaYeHWne COCTaB/IsET:

Gy = 0.8%942x (1-3,37x0,015) = 715,5MPa -

[nsa cnyyas «Hem3BecTHoe I,» noacTtaBnsieM u3 Tabnuubl 2 3HaveHue k,=7,85 1 pacyeTHOe 3HauyeHne COoCTaBnsi-
eT:

Oy = 0.8x 942 x (1-7,85%0,01973) = 636,9MPa

Korga npeanonaraetcs norapudMmMyeckn HopMasnbHOe pacnpegenenve ans cnydas « V. mnssecten» (V4.=0,015),
nony4yaem:

Y, =6,85-3,37x0,015=6,80In(MIla)

O 0y = 0.8 xexp(6,80) = 717,9MIla -

N ansa cnyvas «HenssecTHoe V>

Y, =6,85-7,85%x0,01967 = 6,70In(MI1a)
Oy = 0.8xexp(6,70) = 647,1MIla -

MbI nony4nnmn 6onee BbICOKUE 3HAYEHMS C MPSIMbIM METOAOM BblUMCIEHNS. TTOTOMY YTO Mbl MCMOSIb30BANM TOT XKe
CaMbli1 KOHBEPCUOHHBIN KO3 DULIMEHT 7], B 060MX Cyyasix.

2.4 NpubnmuxeHne koapduuneHTos k, n k;,

KoachduumeHTbl &, U ky MOFYT 6bITb BbIYMCIIEHBI C MOMOLLBIO MHTEPMOAALMM 3HAYEHUI B Tabnuuax 2 u 3 unu,
MHaye, C NOMOLLbIO (hYHKLMIN NPUGAVKEHNS:

k, =1,655+0,672/n,
p=0,05, «V, n3secreH»
k,=n/(-0,950+0,614xn,
p=0,05, «V, He nsecrteH»
k,=3,099+1294/n,
p=0,001, «V, n3secreH»
k,=n/(-0,986+0,323xn,

p=0,001, «V, He n3BecteH»

Ha puc. 3 npeacraBneHo, Kak AaHHble hOpMybl AaAlOT NpUBIVKEHHbIE AaHHbIe U3 Tabnuy 2 u 3. MNorpewHocTb
NpW UCNONb30BaHUM AaHHbIX GOPMYN, Kak NpaBuIo, COCTaBNSET MeHee 1%.
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10 - ® D 0.05.} IOWIn
0.03.% i .

* 0, 001. V, known

P 0, 001, V., unknown

0 \ | | | | | | | \
0 ] 10 15 20 26 30 36 40 45 50

| i-'” » number of samples 12

Puc. 3. ®yHkumu npnbnmxenuns ana kodadpuumeHTos A, v k;,.

3. CTaTUCTUUECKOE onpeaesieHne Moaenei HecyLei cnoco6HOCTH

Mpoueaypbl, NpeACTaBNEHHbIE B JaHHOM pa3fene npeaHasHadeHbl Ans KannbpoBKM MoAeNeil Hecyllen cnocob-
HOCTU W AJ1s1 MOMYYEHUS PACYETHBIX 3HAYEHUI U3 UCTIBITAHUM, NPEANPUHSTBLIX AJS CHUMXKEHUSI YPOBHSI HEOMpEAEneH-
HOCTel B NapaMeTpax MoAenei Hecyllen CriocobHOCTH.

PacueTHas Mogenb Hecylleir cnocobHOCTM pa3pabaTbiBaeTCst Ha OCHOBE HabrloAeHUiA U TeopeTnyeckux coobpa-
XeHui. CTtaTuctnyeckas NHTEepnpeTauna pesynbtaTtoB NCMNbITAHUI AOJ1XXHa B naaneVlmeM MCNosib30BaTbCA ANSA Ba-
nnaaummn 1 npucnocobnenns Moaenu, A0 Tex Mop, noka He 6yaeT AOCTUrHYTO AOCTAaTOYHOE COOTBETCTBME Mexay
UCMbITaHUSMU U TEOPETUYECKMMU AaHHbIMKU. Kak B npeapblaylleM pasgene paccMaTpuBaloTcs ABa MeToda: (a) nytem
OLIEHKWN XapaKTEpUCTMYECKOro 3HaYeHusl HecyLlel crnocobHocTn 1 (b) nmyTeM MpsIMO OLIEHKM PacyeTHOrO 3HaueHus
HecyLen crnocobHocTu. HauHeM ¢ MeTogaa (a).

[JenatoTca cneayolme AONyLeHUs: dyHKLUMS Hecyllel cCnocobHOCTM NpeAcTaBsieT coboi GyHKUMIO CTaTUCTYe-
CKM HE3aBUCKMBIX NepeMeHHbIX X=(Xi,.., X)), KOTOpble pacripeaensitoTCs HOpMarbHO WK NorapudMuyecky Hopmasb-
HO; MPOBEAEHO AOCTAaTOYHOE KONMMYECTBO MUCMbITaHUIA; BCE COOTBETCTBYIOLIME AAHHbIE MO MaTepuanaM u reoMeTpu-
yeckue AaHHbIE U3MEPEHBI.

lMepBblii LWar 3aK/I0YaETC B TOM, YTOBbl pa3paboTaTh PAcHETHYIO MOAESb AN TEOPETUYECKON Hecyllel cnocob-
HOCTU /7

r,=g,(X) (28)

Mopenb [o/mkHa BK/OYaTb BCe COOTBETCTBYIOLME OCHOBHbIE MepeMeHHble X, KOTOpble BO3AENCTBYIOT Ha Hecy-
LUYO CMOCO6HOCTb. 3aTeM Mbl COMOCTAB/SIEM TEOPETUYECKYIO MOAENb C pe3y/ibTaTaMu UCTbITaHUI. TeopeTuyeckue
3HAYEHWs f; PACCUMTBIBAIOTCSA NMyTeM MOACTAHOBKM (haKTUUYECKM M3MEpEHHbIX CBOWCTB BbIGOPKW / B TEOPETUYECKOI
MOAENN, KOTopasi AO/KHA CPaBHMBATHCA CO 3HAYEHUSIMU HECYLLEW CMOCOBHOCTU fy. ocTpouM Touku (f; , fx) Ha
ABYXMEpHOM rpaduke: f; — Ha 0 abCLUMCC, fxj — Ha OCM OpAMHAT, cornacHo puc. 4. Ecnn TeopeTuyeckas Moaenb
SIBMISIETCS TOYHOM, TO BCE TOYKM [AO/DKHBI PacrosiaratbCsl Ha AMaroHanun nepBoro KBagpaHTa. B peanbHbIX cuTyaumsix
Bceraa 6yaeT NpUCyTCTBOBaTb HEGO/bLLIONW pa3bpoc, OAHAKO eC/M NMPOUCXOAUT 3HAUMTENbHOE OTKIIOHEHME OT aHHOM
NHWK, TO HEOBXOAMMO NPOBeLEHME AaNbHENLLEro UCCNeA0BaHWS NPOLEAYP UCMbITaHW U TEOPETUYECKUX MOAENEN.
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Fe

v

Fy
Puc. 4. N'pacpmk cpaBHEHNSA SKCNEPUMEHTAJIbHON U TEOPETUYECKOI HeCyLleil CMOCO6HOCTH.
3aTeM NpeAcTaBUM BEPOSITHOCTHYIO MOAENb HecyLlel CrnocobHOCTY:

r, =bg, (X)J (29)

roe b npencraBnsieT coboi HakIOH Hanbosiee TOYHO COOTBETCTBYIOWEN NIMHUM HaUMEHbLUMX KBaapaToB, Nosy-
YEHHBIN C MOMOLLbIO:

b=3(r,)/ 2(r") (30)

5 — OCTaTOHHbIVI YneH, KOTOprVI npeacTaBndeT HeonpeaeneHHOCTb MoOAENN:

o=r,/ r, (31)

B oTcyTcTBME ApyruxX AaHHbIX, NpeanonaraeTcs, YTo o>0m pacnpefensercs norapudmMmyeckn HopmanbHo. U3

storo cneayert, uto A =In(0) pacnpenenserca norapudMUUeckn HOpManbHO. LSt KaXAOrO SKCNEPUMEHTANIBHOIO
3HaYeHNs / BbIYMCIIAEM:

6, =r,/(br;) (32)
"

A, =1n(5,) (33)

PacueTHoe cpeaHee 3HaueHne A v Bapuaums Sy ans A paBHbl:

A=Y(A)/n (34)

S, =X(A A /(n—1) (35)

[ns pacyeTHOro 3HayeHus KoadduumMeHTa Bapuaumm MOXET UCMOb30BaTbCS 3HAYEHUE:

Vs =4lexp(S,*) -1 (36)

(nony4yeHHoe n3 ypaBHeHus (20)).

[Janee HeobxoanMo onpeaenuTb KoaddrUMeHTbl Bapuaumm Vy; OCHOBHBIX NepeMeHHbIX. OHKU MOTyT 6biTb Nosyye-
Hbl M3 AQHHbIX UCMbITAHUI, €C/IN ECTb BO3MOXHOCTb MPOAEMOHCTPUPOBATh, YTO MUCMbITaHUS SBASIOTCS B MOMHON Mepe
nokasaTesNbHbIMK Anst haKTUYECKOW COBOKYMHOCTU. MOCKObKY, Kak MpaBuio, 3To He Tak, koadduLMeHTLI Bapuaumm
Vy; BOMKHBI 6bITb ONpeAeneHbl Ha OCHOBE NPeABaPUTENbHBIX 3HAHWI UK LOMYLLEHW.

KoachduumeHT Bapraummn V, hyHKUMM Hecywlen crnoco6HOCTM Janee paccuMThIBAETCS cneaytowmuM obpasoM. Ecim
(yHKLMS HecyLuelt CnocoBHOCTY SBNISIETCS NPOM3BEAEHNEM OCHOBHBIX NepeMeHHbIX X,

X:XlxszX3x...ij (37),

KOTOpPbl€ pacCMaTpUBalOTCA KakK HE3aBUCUMbIE N pacCnpeaendarTcda HopMasbHO, TO, UCNONb3yS norapmch npuse-
[OEHHOr0 BbllE BbIpaXXeHUA

In(X) = In(X,) + In(X,) + In(X,) + ...+ In(X,) (38),
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noslyyaeM CyMMy JlorapudMuyeckm HOpMasbHO pacnpefeneHHbIX nepeMeHHbIX. Bapuauus cyMMbl HE3aBUCHMMbIX
NMepeMeHHbIX COCTaB/sieT (CM. ypaBHeHue (2)):

O-ln(X)z = zaln(){i)z =2.(In(l +V " ) (39)

rae Mbl UCNonb3oBanu ypaBHeHue (20). MpumeHnB aHTUnorapudM, nNoyyaem:

1+V,” =exp(0y,)) = L4V )1 +V x2").(14V 557 (40)

Mpun Manbix 3HaveHusx Vy;, BbllenpuBegeHHOe ypaBHEHE MOXET ObiTb YNpOLLEHO A0 ClefyrowWwero ypaBHeHUs:
Vv, =3y (1)

Ecnu dyHKUMS HecyLein cnocobHOCTM ABNseTcs 6onee CNoXHOM (yHKLMEN, TakuM 06pPa3oM, UTO OHa He MOXET
6bITb Bblpa)K€Ha Kak NpPOM3BEAEHIE OCHOBHbIX NMEPEMEHHBIX, TO I/ PACCUMTLIBAETCA C MOMOLLbIO YPaBHEHUS:

1 agrt 2
. 42
a2y o) @

rae X, aBnsoTca cpeaHUMU 3HaYEHNSAMU OCHOBHBIX MEPEMEHHBIX.

v} =Dlg,(X)l/g, (X,)=

KoadhduumneHT Bapraummn I, hyHKUMKM HECYLLIEN CNOCOBHOCTM Aanee pacCUMTLIBAETCA CleayoWwmM 06pasom:
2 2 2
v =1+V)1+7,) -1 3)

CTaHAAPTHbIE OTKIOHEHUA

0, =0y, =4/In(l+ Vnz) (44)
O5 = Os) =/ In(1+ V") (45)
0=0, = JIn(1+7.%) (46)

1 BecoBble KO3(dULMEHTHI
art = Qrt /Q (47)
os=0;/0 (48)

CpefiHee 3HaueHue YHKUMKM Hecylleil CrnoCOBHOCTM pacCYMTLIBAETCA M3 TEOPETUMYECKOW MOAENM, WCMONb3ys
CpeaHue 3HayeHus X, OCHOBHbIX NEPEMEHHbIX:

r, =bg, (X,) (49)

HakoHel, XapakTepucTMyeckoe 3HaueHWe Hecyllel CrocobHOCTU pacCUUTLIBAETCS U3 CNeayloLero ypaBHeHUs
(nony4yeHue faHHOMO yYpaBHEHUS AaHO B NPUIOXEHUN A):

2
rk = rm exp(_kooart o kna5Q§ - O’SQ ) (50)
KoapdmumeHT £, B3aT 13 Tabnuupl 2 Ans cnyyas «HemssecTHoe V,», a koO npeacTaBnseT coboit 3HauYeHue &, ans

Bonblunx 3Hauennin 1 (k, =1,64). Koraa Tonbko oaHa nepeMeHHas NPeACTaBieHa B MOAENN HECYLLEN CNOCOBHOCTH,

TONbKO BbipaxeHue - k, ;0 n3 ypaBHeHus (50) NPUHMMAETCS BO BHUMAHHE.

Korga pacyeTHoe 3HauyeHWe Hecyllei Croco6HOCTU OLEHMBAETCS HAMpsIMylo, @ HE U3 XapaKTepUCTUYECKOro 3Ha-
YEHMS HEeCyLLel CriocoBHOCTH, TO MpoLeaypa OCTAETCs TaKoM Xe C eAUHCTBEHHBIM U3MEHEHMEM, YTO 3HaueHus K, u

K, 3aMEHSIIOTCS 3HAYEHNSAMU kwﬂ 4V Kgpn, B3ATBIMM U3 TabmMLbl 3 NS ClyYas «HemsBecTHoe V.
Mpumep 7.

PaccMoTpuM Mogenb Hecylueii crocobHocTv B dopme F = Ax o, /1000 . B kauyecTBe 0OCHOBHbIX MEPEMeHHbIX

BO3bMeM ceveHue 6pyca A u npepen NpoyHocTn O, . MycTb cpeaHee 3HaveHne 1 Ko3MULIMEHT BapUaLmMm OCHOB-
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HbIX NepeMeHHbIX cocTaBnsieT £(A)=269,76 Mm%, V(A)=0,00295, £ o, )=936,5 MMa, o, )=0,01509. TeopeTuue-

CKMe AaHHble A 1 3KCnepuMeHTasnbHble AaHHble Fo ANS pa3fnyHbIX 3HAYEHWUN OCHOBHbIX NEPEMEHHbLIX AaHbl B Tabnu-
ue 4. Heobxoanmo paccynTaTb XapakTepnUCTtu4eCcKoe 3Ha4eHne HeCYU.lEﬁ cnocobHocTH CcpeaHnx 3HaAYEHWUIN OCHOBHbIX
NnepeMeHHbIX.

Ta6bnuua 4. TeopeTnueckue faHHble / U 3KCNepUMeHTasibHble flaHHble £,

Hecyuwlei cnoco6HocTu B [kH].

n A F n A fe n A F
1 214,9 215,9 7 243,6 245,2 13 269,3 270,8
2 219,9 222,4 8 248,1 253,2 14 273,4 274,2
3 224,9 224,7 9 252,5 261,3 15 277,4 279,6
4 229,7 228,5 10 256,8 260,1 16 281,3 281,7
5 234,4 228 11 261 256,5 17 285,2 282,9
6 239,1 239,7 12 265,2 261,7 18 289 278,7

B rpacvke Ha puc. 5 nokasaHbl AaHHblE U3 Tabnuubl 4 C NMHWEN perpeccum E =bx Fe 3HayeHune b nony4veHo
n3 ypaBHeHus (30): H=0.9995.

300
290
280
270
260
250
240
230
220
210
200

Fe

200 210 220 230 240 250 260 270 280 290 300
Ft

Puc. 5. CpaBHeHMe aKCnepuMeHTaIbHOW F, U TeopeTnyeckoin A HecyLel CnoCo6HOCTH.
CpeaHee W cTaHAapTHOE BbIGOPOYHOE OTK/IOHEHME JflorapudMa OCTaTOYHOMO YneHa O [AaHbl 3HAYEHUSIMU
_ 5 "
A =0,000567, s, =0,000277, K03(hULMEHTBI BapUaLmMM PacCHMTLIBAIOTCA C MOMOLLbIO ypaBHeHun (36), (40) u

(43) 1 paBHbI: Vo«2 =0,000277, Vrt2 =0,000236, Vr2 =0,000513. KoadduumeHT k,=1.78054 nonyyeH C nOMOLLbIO

NpUGNMXKeHHON GopMynbl. TeopeTnyeckoe 3HauveHne yHKLMU HeCyLleil CNOCOBHOCTM CPeHMUX 3HAUYEHWUI OCHOBHbIX
NnepeMeHHbIX paBHO /,=252,5 kN. HakoHeL, XapakTepUCTUYECKOE 3HAaUEHUE HECYLLIEN CMOCOBHOCTM PacCUUTLIBAETCS:

r =252,5xexp(-1,64x0,6785x0,01537-1,7805x 0,7346x 0,0166 - 0,5 x 0.0226°) = 242,8 kN

Mbl MOBTOPHO MPOBENYW MPEACTABNEHHYIO Bbilwe npoueaypy Ans 10-tn svauenuit V' (A)u V (o, ) c oanHako-

BbIMM MPOMEXYyTKamMu B AnanasoHe ot 0 go 0,4. Ha puc. 6 nokasaHa 3aBUCMMOCTb XapaKTEPUCTUYECKOrO 3HAYEHNS
HecyLeln crnocobHOCT 060MX KO3 ULIMEHTOB BapuUaLm.
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Puc. 6. XapakTepucTuueckoe 3HaueHHne HecyLen CnoCO6HOCTM ans passinyHbix ko3 durumneHTOB
BapuauMm OCHOBHbIX NepPeMeHHbIX AU O, .

Ecnm pacyeTHoe 3HaueHMe pacCHMTLIBAETCS HAMpsiMylo, TO, COTAcHO MpuBVKeHHo! dopmyne, k, , =3,04 u

kn 4 = 3,7223, i pacyeTHOE 3HaueHNe COCTaB/IsET:

1, =252,5xexp(-3,04x0,6785x0,01537 - 3,7223x 0,7346x 0,0166 - 0,5x 0.0226) = 233,7 kN

YacTHbIN KO3DULIMEHT ¥, ANS HECylleii CNOCOBHOCT MOAENM, B TakoM Cllyyae, COCTaBUT:
V.=t /r, =242,8/233,7=1,039 (51)

B A@HHbIX MPUIOXEHWSAX MPUBEAEHbI ABA NPOrpPaMMHbIX MPOAYKTa ANA BbIMUC/IEHMS XapaKTEPUCTUYECKOrO 3Ha-
YEHMS Hecyllel CrnocoBHOCTU, pacyeTHOM HecyLleid CMOCOBHOCTM M YacTHbIX KO3(dUUMEHTOB. TV NPOAYKTHI BKIIIO-
yaloT creayoLye:

1. MpunoxeHHas paboyas kHura B copmaTe Excel, «dast.xls», MOXeT MCMoNb30BaTLCS AN pacyeTa 3HaUeHu
iy I3V Y,, DN Pa3NNYHBIX TEOPETUHECKNX U 3KCNEPUMEHTaNbHBIX AaHHbIX. [0nb30BaTeNb BHOCUT B XeNTble Nons

BBOJA TEOPETUYECKME U SKCMEPUMEHTANIbHBIE 3HAUYEHMSI HECYLLEN CNOCOBHOCTM, CpeaHMe 3HauveHus U koadduUmMeH-
Tbl BapuaLMn OCHOBHbIX MEPEMEHHBIX U CPpeHME 3HAUYEHUS HecyLUeln crocobHOCTU. B paboueM nnMcTe aBTOMaTUHECKM
paccUMTBIBAIOTCS XapakTepUCTMYeckue M pacyeTHble 3HayYeHWsl Hecyllell CNoCOBHOCTU U 3HaYeHWsl YacTHOro Koad-
(uumeHTa (NokasaHHble B ronyboM none), u AaHHble BbIBOASTCS B Tabnuuy.

2. KoMmnbloTepHas nporpamma «dast.exe» MOXEeT UCMoJb30BaThCs A/ CO3AaHusl Tabnul 3HAYEHWUI 3TUX Benn-
UYMH C MOMOLLbIO Pa3NNYHbLIX 3HAYEHUI MoKasaTenel Bapuauum OCHOBHBIX NepeMeHHbIX. McxoaHblit dain «dast.c»
[aHHOM KOMMbIOTEPHOW MPOrpaMMbl TaKXKe NMPUIaraeTcs U MOXET MCMOMb30BaTbCA ANs co3aaHus «dast.exe», ecnu
COCTaBfeHne NpoBoANTCS € nomoLlbio komnunatopa C nnm C++.

MNporpamma «dast.exe» paboTaeT TONbKO B KOMaHAHOM peXuMe, TO eCTb MO0JIb30BaTe/b AO/DKEH NepexoavTb B
KOMaHHbIn pexum (MSDos mnu KomaHaHas Ctpoka B cucteMe «Windows»), 4Tobbl MCMONb30BaTb [laHHYIO Npo-
rpammy. MporpaMMa UMTaeT BXOAHbIE AaHHble U3 BXOAHOrO daiina, NpPeaoCTaBNsEMOro nosb3oBaTesieM (Nporpamm-
Hble 1 BXOAHble aiinbl JO/MKHbI HAXOAUTBLCA B OAHOM M TOM e TeKyLLEeM CrpaBoyHUKe). DopMaT AAHHOMO BXOAHOMO
aiina cneaylowmii: B NepBoi CTPOKE BBOAMTCS COBO: 'resistance' (Hecyllasi cnocobHocTb). Creaylolmne CTpoKu
COAEPXAT 3HAYEHNS TEOPETMYECKMUX U SKCMIEPUMEHTANbHBIX 3HAYEHWI Hecylel crnocobHOCTH, NO ABa YMCia B KaX-
[0 CTpoke. 3aTeM BBOAWTCS C/I0BO 'variations' (Bapuaumu), 3a KOTOPbIM CNEAYIOT 3HAaUYeHUst KO3 hULMEHTOB Bapu-
auun Vy Ans Kaxaon OCHOBHOW NMepeMeHHO, OAHO YMC/O B KaXKaol cTpoke. Ecnm nonb3oBaTesb 3anpallnBaeT 3Ha-

UeHUs £, f3 U Y, TOMbKO NS BXOAHBIX 3HadveHun Vy, Torga BXOAHOI daiin 3aBepluiaetcs cnosoM 'end’ (koHel).

Ecnv nonb3oBatenb 3anpalumBaeT 3HaueHus f, fy U ¥, ANna psaa koadduumeHToB Bapuaumii Vy, Toraa BBoaMTCA
cno.o 'calculate’ (paccuntaTtb), 3a KOTOpPbIM AO/MKHA CleaoBaTh CTpoka 'characteristic' (xapakTepuctnyeckoe 3Haude-
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Hue), 'design' (pacyeTHoe 3HaueHue) unu 'partial' (YaCTHbIN KO3(PDULIMEHT), COOTBETCTBEHHO. [anee BBOAUTCS CNOBO
'table' (Tabnmua), 3a KOTOpLIM CrelyeT CTPOKa, coAepyKallasi BoceMb umncen. [aHHble yncna 0b6o3Ha4aloT nokasaTenm
ABYyX (NPOM3BOJIbHO BbIGPAHHbIX) OCHOBHBIX NMEPEMEHHbIX, MUHUMA/IbHOE U MaKCMMasibHOE 3HauyeHUs ko3dhduUMeHTa
Bapuauun [1s NepBoil OCHOBHOW NepeMEHHOW, MUHMMAsIbHOE U MakCUMMalbHOe 3HaueHUs koadduuneHTa Bapuaumm
ANsi BTOPOW OCHOBHOM MEPEMEHHON U UMCIO TAb/IMYHBIX 3HAYEHWUI AN MEPBOM U BTOPOI OCHOBHOM NEPEMEHHOMN.
Beoa 3aBepliaetcs cnoBoM 'end' (koHew). CTPOKM KOMMEHTApWUEB, HAYMHAIOLWMECS C TOYKM C 3ansTOW, HE YYUTbIBa-
totcs. bonee noapobHo chopMaT BBOAA TakxKe ykasaH B McxoaHOM daiine «dast.c».

MpuMep 1Crnonb3oBaHWsl NPEACTAB/IEH C MOMOLLbLIO ABYX BBOAHLIX (ainos, «dast.il» n «dast.i2», conepxalimx
AaHHble 13 npvMepa 7. BoixoaHble daiinbl «dast.ol» n «dast.02», co3gaHHble C MOMOLLbIO KOMaHA B KOMaHAHOM
pexuMme 'dast dast.il > dast.ol' u 'dast dast.i2 > dast.02' Takxe gaHbl B npunoxeHuun. Kak nokasaHo B nNpuso-
KeHun, BTOpol ain «dast.02» MOXET MCNOMb30BaTbCA HanpsaMylo B (opMaTe Excel ans cosgaHus TpexmepHom
Tabnuubl pacCUUTaHHON BEIMYMHBI B 3aBUCMMOCTM OT MHAEKCOB Bapuvauum ABYX (NMPOU3BOJIbHO BbIGPAHHbLIX) OCHOB-
HbIX MEepeMeHHbIX.

Cnucok nutepaTypbl

[1] EN 1990 Eurocode - Basis of structural design. CEN 2002.

[2] ISO 2394 General principles on reliability for structures, ISO 1998.

[3] ISO 12491:1997(E): Statistical methods for quality control of building materials and components, ISO 1997.
[4] JCSS: Probabilistic model code. JCSS working materials, http://www.jcss.ethz.ch/, 2000

[5] Kreyszig, E.: Advanced Engineering Mathematics, John Wiley & sons, New York, Chichester, Brisbane, Toron-
to, Singapore, 1993.

Mpuno)xeHune A. NMNonyueHune ypasHeHus (50)

MycTb X pacnpeaensietcs HopMasbHo. Toraa pacnpeaenenme In(X) sIBNsSETCS HOPMasbHBIM CO CPEAHNM 3HaueHM-
em 4, v = #(In X') v cranpaptHbIM oTKNOHEHWEM O, .

In(X), = 4, x —k,00, v (A1) wm

Xk = eXp(;llnX - kno-lnX) (AZ)

[ockonbKy cpegHee 3HayeHve ,U(X) napameTpa X MOXeT 6bITb BbIPaXX€HO C NMOMOLLbIO CPEAHErO 3HAYeHUA L.

N CTaHAAPTHOro OTK/IOHEHUSA O norapudma In cneaytowmMm COOTHOLLIEHNEM:
In X

1(X) =exp(iy,  + 0, /2) (A3)

oTClofa Mbl MoyYaeM:

X, = p(X)exp(-k, -0y, " /2) (A4)

Ecnu X=Y ZaBnseTca npou3seaeHneM AByx GakTopos, Y'u Z, Toraa:

In(X)=In(Y) +In(Z) (A.5)

n cpesHee 3HadeHue In(X) coctaBnseT:

ty, x = p(In(Y)) + p(In(2)) (A.6)

CraHpapTHOe OTK/IOHEHWe O, , norapudma In(X) MOXeT BbiTb BbIPAXKEHO C MOMOLLBLIO (POPM-(PaKTOpoB &), U
a, cnegywoumm obpasom:

Oy = AyOy +Q;0,,;) (A7)

Ecnn coBmecTuTb ypaBHeHus (A.7) n (A.4), Toraa xapakTepucTMyeckoe 3HavyeHme X Kak KoMbuHauust Y'u Z co-
CTaBUT:

2
Xk = ,U(X) eXp(_knaYalnY - knazo-an - GlnX /2) (AS)
Ecnn paccmatpusath beHKLI,VIIO HeCYU.lEI)‘I CNocobHOCTU 1 Kak NepeMEHHYI0 X, TEOPETUYECKYIO q)yHKLlVIIO HeCYU.lEI)‘I

CMOCOBHOCTU /3 KaK MEPEMEHHYIO ¥, @ OCTATOYHbIN YMEeH KaK MepeMeHHY0 Z B BbILENPUBEAEHHOM YpaBHEHUW, TO
nepenucaTb ypaBHeEHME MOXHO Kak (A.8) ¢ obo3HaveHneM 13 pasgena 3:
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rk = rm exp(-knartht - kna§Q5 - Q2 /2) (Ag)

HakoHel, MOCKOMBbKY Mbl MpearionaraeM, YTo CTaTUCTUYECKast HeonpeaeneHHOCTb OTCYTCTBYET Ans TeopeTude-
CKOW (DYHKLMM HECYLLel COCOBHOCTU /; B OTHOLLEHUM KOIMYECTBA BbIGOPOK /7, Mbl MOXKEM MOACTaBUTL K, BMECTO

k

,» M NonyunM ypaeHeHue (50).

MpunoxxeHus

ATTACHMENTS

. EXCEL worksheet from the workbook “dast.xls”

. Source file “dast.c” to the program “dast.exe”

. Input file “dast.i1” for the program “dast.exe”

. Output file “dast.o1” produced by “dast.exe” from “dast.o1”
. Input file “dast.i2” for the program “dast.exe”

. Output file “dast.02” produced by “dast.exe” from “dast.02”
. EXCEL chart showing the data from dast.o2

N & 1 A W N =
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MMABA V. OLEHKA CYLWECTBYHOLUUNX KOHCTPYKLIVIVI
MunaH Xonukn *

! MncTuTyT KnokHepa, Yeluckuin TexHndeckuii yuueepeuteT, Mpara, Yexus
KpaTtkas nHgpopmauus

Moaxoa K OLEHKe CYLLECTBYHOLWMX KOHCTPYKLMIA BO MHOTOM OT/IMYAETCs OT NoAXOAa, NPUMEHSIEMOrO Mpu NPoekK-
TMPOBaHUM KOHCTPYKLMM HOBOrO 3aaHus. HeobxoamMo yunTbiBaTb BAMSIHUE CTPOUTENBHOrO Mpouecca M nocnienyto-
LLei aKCMyaTauumM KOHCTPYKLMK, B XOAE KOTOPbIX KOHCTPYKLMSI MOXET MOABEPraTbCs NEPeCTPorKe, U3HOCY, Hemnpa-
BWIbHOWM 3KCM/lyaTauuy U APYrUM M3MEHEHWSIM MepBOHAYanbHOro (3anpoeKTMPOBAHHOIO) COCTOSHWS. [nsi OLEeHKM
CYLLECTBYIOLLMX KOHCTPYKLIMIN OCHOBHbIE NpUHUMNGLI U npaBuna EBpokoaa EN 1990 «OcHOBbI NMPOEKTUPOBAHUSI KOH-
CTPYKLMIA» HEoBX0AMMO AOMOSHATb CheumarnbHbIMU NpoueaypaMu, NPeaCcTaBeHHbIMU B MeXAYHapOoAHbIX CTaHAap-
Tax ISO.

1. BBeaeHue
1.1 CnpaBouHble MaTepuasbl

CrnpaBo4Hble MaTepuasibl, OTHOCSLUMECS K OLEHKE CYLLECTBYIOLMX KOHCTPYKLIMIA, OFPaHUYMBAIOTCS PSiAOM Haumo-
HanbHbIX HOPM M TPEMSI MEXAYHapoAHbIMM cTaHAapTamu ISO 2394 [1], ISO 13822 [2] n ISO 12491 [3]. OcHOBHbIE
npuHUMNbI 1 npaBuna EBpokoaa EN 1990 «OCHOBbI MPOEKTUPOBaHMS KOHCTPYKLMIA» HEOBXOAMMO AOMOHSThL Creum-
anbHbIMK MpoueaypaMu, NpeacTaBneHHbIMA B BbILLEYNOMSIHYTLIX MeXAyHapoaHbIX cTaHaapTtax ISO [1,2,3], koTopble
MPEeNMYLLECTBEHHO MCMOJIb30BaHbl B AaHHOM paboTe. [JononHuTeNbHas MHpOopMauus 06 OLeHKe CYLLECTBYOLMX KOH-
CTPYKUMIA NpeacTaBieHa B Hay4YHbIX paboTax v nybnukaumsax, Hanpumep, B nybnukaumsix [5], [6] v [7].

1.2 OcHOBHbIE MPUHLUNbI

OueHKa CyLLeCcTBYIOWMX KOHCTPYKLMI CTaHOBUTCS BCe 6onee U 6onee BaXXHOM, U YacTo BCTPeYaloLleiicss UHxe-
HepHol 3afayeil. HenpepbiBHOE MCMOJb30BaHME CYLLECTBYIOLIMX KOHCTPYKLMIF MMEET 60MbLIOe 3HAUYEeHWe Mo 3KOso-
MMYECKMM, SKOHOMMYECKUM U COLMANbHO-MOMMTUUYECKUM NMPUUMHAM, U C KaXAbIM rOAOM Bo3pacTaeT. [aHHble acnek-
Thl 0CO6EHHO 3HAUMMbI [N1S 30aHWI, KOTOPblE UMEIOT BaXXHOE COLMANbHOE U SKOHOMMUYECKOE 3HaUYeHUe.

OCHOBHbIE MPUHLMMbI YCTOWYMBOIO PasBUTUS PErYNSPHO NPUBOAST K HEO6XOAMMOCTH YBEIMUEHUSI CPOKA CNYXObl
KOHCTPYKUMI, YTO B 6ObLUIMHCTBE NMPaKTUYECKUX MPUMEPOB CBSI3aHO C XXECTKUMM SKOHOMUYECKUMI OFPaHUYEHUSIMU.
Mo3TOMYy OLIEHKA CYLLECTBYIOLMX KOHCTPYKLUMI YacTo TpeBYeT NpUMEHEHWs! CIOXKHBIX METOAOB, Kak NpaBWio, BbIXO-
AALWMX 33 PaMKV TPAAMLIMOHHBIX HOPM MPOEKTMPOBaHMSI.

Moaxod K OLEHKE CYLLECTBYHOLIMX KOHCTPYKLMIA BO MHOTOM OT/IMYAETCS OT MoAXoAda, NPUMEHSIEMOrO Mpu NMpoeK-
TUPOBaHUN KOHCTPYKLUMWN HOBOIro 3aaHus. Heo6XO£I,VIMO Y4nTbIBaTb BJINAHME CTPOUTENIBHOIO Mpouecca U nocneayto-
Ll.lel‘/'I SKcnayaTaunm KOHCTPYKUUKU, B XOAE KOTOPbLIX OHa MOXET noaBepratbCcd nepeCTpoﬁKe, M3HOCY, Henpasmanoﬁ
3KCMyaTauum v ApyruM M3MEHEHUsIM NepBOHaYanbHOro (3anpoekTUpPOBAHHOIO) COCTOSHUA. OaHaKko, HECMOTPS Ha
TO, YTO CyllecTBylollee 30aHNE MOXET 6bITb HeOAHOKPAaTHO o6cneuosaHo, HeonpeaeneHHoCTb B noBeAeHNn OCHOB-
HbIX NEPEMEHHbIX BCEraa OCTaeTc4. |-|03TOMy, aHaorM4yHoO TOMy, KaK 3TO AENAETCA NMPU NPOEKTUPOBAHNN HOBbBIX KOH-
CTpYKLl,Ml‘/'I, d)aKTVIHeCKMe Bapuaunun B OCHOBHbIX MEPEMEHHbIX, XapaKTepU3yrLlnx BOB,D,EI‘/'ICTBVIH, CBOWCTBA MaTepua-
J10B, reOMeTpnYyeckmne napaMeTpbl U HeonpeaeneHHoCTU Moaenn, CNeayeT yuYnTbliBaTb C MOMOLLbIO YaCTHbIX KOBd)CbVI-
LIMEHTOB WM APYrvX MONOXEHUIA HOPM.

2. O6L1an cxemMa OLleHKH!
2.1 NMpuunHbI OLLEHKMN

Kak npaBufio, npoBedeHne OLEHKM (haKTUUECKOM HAAEXHOCTU CYLLECTBYIOLEN KOHCTPYKUMM MOXET noTpebo-
BaTbCsA B ClIEAYIOLMX CyYasX:

—  PEKOHCTPYKLMS CYLLECTBYIOLIErO NMOCTPOEHHOMO COOPY)XXEHMUS, B XOAE KOTOPOW B CyLLECTBYIOLLYIO HECYLUYIO
cucTeMy A06aBNSIOTCS HOBblE KOHCTPYKTUBHBIE 3/IEMEHTI;

—  MpoBepKa MPUrOAHOCTU C LIEMbI0 OMpPEeAerieHns], CnocobHa I CyLIECTBYIOWAA KOHCTPYKLMS BblAEpXUBaTb
Harpy3Kku, CBA3aHHbIE C OXKMAAEMbIM U3MEHEHMEM PEXMMA IKCMIyaTalun COOPYXXEHUs, U3MEHEHUEM YCIO-
BUI 3KCMTyaTaUMM UMK YBENMUYEHWEM Ero PacYeTHOMO CPOKa CyXbbi;

—  PEMOHT CYLUECTBYIOLIEN KOHCTPYKLMM, KOTOpasi MOABEPriach U3HOCY BCNEACTBME 3aBUCSLLETO OT BPEMEHM
BO3AENCTBMS OKpY>XXatoLlel cpeapl, UaW MOoABeprfiach PaspyLIEHUI0 B XOAe Ype3BblualiHbIX BO3AEUCTBUM,
HarpuMep, 3eMNeTpsiceHus!;

- BO3HWKHOBEHME COMHEHMI B d)aKTVI‘-IECKOﬁ HaAeXHOCTU KOHCTPYKUUN.

B HEKOTOPbIX Cly4Yasix NpoBeAeHUe OLEHKM MOryT NoTpeboBaTh HAA30PHbLIE OpraHbl, CTPAXOBble KOMMAHUM, BNa-
AeNbUbl 34aHWIA, UK oLeHKa HeobxoAnMa B COOTBETCTBUM C MIAHOM TEXHUYECKOrO 06CITY)KUBAHMWSI.
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2.2 O6wme npaBuia
O6bIYHO MPU OLIEHKE CYLLECTBYHOLLMX KOHCTPYKLMIA NPUMEHSIOTCS Ccneaytolme aBa obLumux npasua:

HeobxoanMMo NpUMeHsTb AEUCTBYIOLLME B HACTOSILEE BPEMS HOPMbI A1t MPOBEPKN KOHCTPYKTUBHON HAAEXHOCTH,
a MCMonb30BaHWe CTapblX HOPM, AEUCTBUTENbHBIX Ha MOMEHT MPOEKTUPOBAHUSI KOHCTPYKLMM, HOCUT UCKIIOUNUTENBHO
peKoMeHAATeNbHbIN XapakTep.

HeobxoanMMo paccMaTpuBaTh (DAaKTUUECKME XapaKTEPUCTUKM MaTepuarnioB KOHCTPYKLMUM, BO3AENCTBUS, FeoMeTpu-
yeckue MapaMeTpbl U NOBeAeHUe KOHCTPYKLMKM, @ MCMOSb30BaHUE WCXOAHOW MPOEKTHON AOKYMEHTALMM HOCUT UC-
KNOUMTENbHO PEKOMEHAATENbHbIN XapaKTep.

MepBoe npaBwno cnegyeT NPUMEHATL C LiEMblo JOCTMXKEHWS aHANOrMYHOro YPOBHS HAAEXHOCTH, Kak B cyyae ¢
HOBbIMW CMPOEKTUPOBAHHBLIMU KOHCTPYKUMAMKU. CornacHoO BTOPOMY MpaBwuily, He crneayeT AonyckaTb HEOpeXHOCTU B
OLIEHKE COCTOSIHWSI KOHCTPYKLMM, TakK Kak 3TO MOXET Oka3aTb (6naronpusiTHOe Unn HebnaronpusTHoe) BO3aeNCTBMe
Ha aKTMYeCKyl0 HaAEXKHOCTb AaHHOW KOHCTPYKLWM.

Bonblias YacTb AEWCTBYIOWMX B HACTOsILiEe BPeMsi HOPM pa3pabaTblBAaeTCs C NMPUMEHEHWEM MOHATUS Npeaesb-
HbIX COCTOSIHUI B COYETAHWUM C METOAOM YaCTHbIX KO3(MULMEHTOB. B COOTBETCTBUM C AaHHBIM METOLOM, KOTOPbIN
NoApo6bHO paccMaTpUBAETCsl B 3TOM paboTe, OCHOBHbIE MEPEMEHHbIE OMPEAENSIOTCS XapaKTEPUCTUYECKUMU UK pe-
NPE3eHTaTUBHLIMY 3HAUYEHUSMU. PacuyeTHbIE 3HAUEHWUS] OCHOBHBIX NMepeMeHHbIX OMNpeaenstoTCs Ha OCHOBE XapaKTepw-
CTUYECKUX (PEMPE3EHTATUBHbIX) 3HAUEHUI U COOTBETCTBYIOLMX YaCTHbIX KO3DULMEHTOB.

M3 BTOpOro npaBwma CreayeT, YTo BU3yasibHbIf OCMOTP OLIEHMBAEMOW KOHCTPYKLMU Heo6XoaMMO MpoBOAWTL BO
BCEX BO3MOXHbIX CNyyasix. MpakTUYecKuii onbIT NOKasbIBaeT, YTO OCMOTP CTPOUTENLHOM MMOLLAAKM TakKe Cnocob-
CTBYET OLEHKe peanbHON CUTyaLMK U COCTOSIHUSI KOHCTPYKLMW.

Kak npaBuno, npoBeaeHue OLeHKU He TpebyeTcs Anst TeX 3EMEHTOB CYLLECTBYIOLLEN KOHCTPYKLMKM, KOTOpbIE He
MOABEPralTCs KOHCTPYKTUBHBIM U3MEHEHWSIM, PEKOHCTPYKLIMM, PEMOHTY, U3MEHEHWIO pPeXuMa SKCryaTauuu, uam
KOTOpble He MONYYMNIN OYEBUAHBIX MOBPEXAEHUM, @ TaKXKe Npy OTCYTCTBUMM OCHOBaHWI Nonaratb, YTO KOHCTPYKLMS
HeAO0CTaTOUHO HaZleXHa.

2.3 OCHOBHOI1 npouecc

B OCHOBHOM, NMPOLIECC OLIEHKM COCTOUT M3 CNIEAYIOLLMX 3TANoB (CM. CXeMy B MPUMIOXEHUM A K AiaHHON rraBe):

onpeaeneHne 3aaay OLEHKM, TPeByeMbIX 3aKa3uMKOM MM HaA30PHbIMU OpraHaMu;
—  CLeHapuu, CBA3aHHbIE C KOHCTPYKTUBHBIMW YC/I0BUSMU UM BO3AENCTBUAMM;

—  MpeaBapuTeNibHas OLEHKa;

—  M3YyYeHWe MMeloLLENCS A0KYMEHTaLUuK;

—  npeaBapuTeNbHbIN OCMOTP;

—  MpeaBapuTesNbHblE NMPOBEPKMY;

—  pelleHne O NPUHATUU CPOYUHBIX Mep;

—  pekoMeHaaumuu Mo noapobHoOiA OLEHKE;

-~ noapobHas oLeHKa;

—  TWATebHOE U3y4YeHne JOKYMeHTaLUMu;

—  TWATeNbHbIA OCMOTP;

-~ WCMbITaHWe MaTepuasioB W OnpeaeneHne BO3AENCTBUN;

—  onpeaeneHne KOHCTPYKTUBHBIX CBOMCTB;

—  OLUEHKa KOHCTPYKTUBHOW HAaAEXHOCTU;

—  MpoBepKa KOHCTPYKTUBHOMN HaAEXHOCTH;

—  opMMpoBaHMe OTYETA, BKOYas MPEANOXKEHNS O AaNbHENILUX AEHCTBUSX C COOPYXXEHUEM;
—  Mpu1 Heo6X0AMMOCTM NOBTOPUTb MOC/IEA0BaTENbHOCTb.

Ecnu B pesynbTaTe nNpeaapuTenbHON OLEHKN YCTAaHOB/IEHO, YTO KOHCTPYKLMS SBASETCS HaAexXHoW Ans ee npea-
rnonaraeMom sKCrnayaTaumm B TEYEHUE OCTAaTOYHOrO cpoka CNyx6bl, NpoBeAeHUe NOAPOGHON OLEHKM He TpebyeTcs. U
Haob0pOT, eC/M eCTb OCHOBAHMUS MoJaraTh, YTO KOHCTPYKUMS NPEACTABASET ONAcHOCTb UM HAXOAWUTCA B HEHAAEeX-
HOM COCTOSIHWUM, TPEBYETCS MPUHATL CPOYHbIE MEPLI M MPOBECTU NMOAPOGHYIO OLIEHKY.
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3. O6cnepoBaHmne
3.1 Uenu

Llenbto 06cnenoBaHuns CyLecTBYOLLEN KOHCTPYKLMKU SBNISIETCS NPOBEPKA M OBHOBMIEHWME AaHHLIX O TEKYLUEM MO-
NoxeHUn (COCTOSIHMM) KOHCTPYKLMM C YYETOM psida acnekToB. YacTo nepBoe BreyaT/eHMe O COCTOSIHUM KOHCTPYK-
umMn 6yaeT OCHOBaHO Ha BW3yaNlbHOM KayecTBEHHOM o06cneaoBaHuM. OnmucaHuWe BO3MOXHOIO MOBPEXAEHWUS KOH-
CTPYKUMM MOXET OblTb NpeaACTaBNEHO B YCTHOM (hOpMEe C MCMOJSIb30BaHWEM CNEAYIOWMX TEPMUHOB: «HEW3BECTHO»,
«OTCYTCTBYET», «HE3HAUUTENIbHOE», «CPeAHEee», «3HAUUTENbHOE», «paspyLIMTeNbHOe». 3a4acTylo, pelleHne Ha oc-
HOBE AaHHbIX HAabMOAEHMI NPUHMMAETCS SKCMEPTAMU UCKTIOUNTENTbHO MHTYUTUBHBIM 06pasoM.

bonee feTtanbHas oueHKa COCTOSIHWSI KOHCTPYKLMKW MOXET bbITb Npou3BefeHa Ha OCHOBe (MOCNeayoLmnx) Konm-
YeCTBEHHbIX NpoBepok. OBbIYHO OLEHKa CyLIECTBYIOLMX KOHCTPYKUMIA MpeacTaBnsieT coboi LMKIUYHBIA MpoLecc,
Koraa nepsasi MpoBepka COMPOBOXAAETCS nocneayowmmm obcnefosaHuaMu. Llienblo npoBeaeHMs Mocneayowmx
obcrenoBaHuii IBNSieTCsl HEO6X0AMMOCTb 6oniee TLIATeNbHOW OLEHKU COCTOSIHWSI KOHCTPYKUMM (B OCOBEHHOCTU B
Cnyyae paspyLlieHusl), a Takxke nposepka WMHdOpPMauuM, HeobXOAMMON ANs onpeaeneHusl XapaKTepUCTUYECKUX U
penpe3eHTaTUBHbIX 3HaYeHU OCHOBHBLIX MepeMeHHbIX. [ BCeX MeTOA0B NPOBEPKM CneayeT MpefocTaBnsiTbh WH-
opMaLmio 0 BEPOSITHOCTU 06HAPYXEHUsI NOBPEXAEHUN, €CIM TAaKOBbIE UMEIOTCS, U O TOYHOCTU pe3ynbTaToB.

3.2 OTyer

Pe3synbTaTbl 06C/ieqoBaHMS HEO6XOAMMO BKJTHOUYATb B OTYET, KOTOPbIM, Kak MpaBWsIO, COAEPXMUT Ceaytolwyto UH-
dopmaumio:

—  peanbHoe COCTOSIHUE KOHCTPYKLIMK;

—  BWAbl MATEPUANOB KOHCTPYKLUMW M TUM MOYBbI;

—  BbISIBNIEHHbIE MOBPEXAEHUS;

—  BO3AEWCTBUS, BKIIIOYas BIMSIHWE OKpYXKatoLlel cpespl;
—  MMeloLLascs NpoeKTHas AOKYMEHTaLMS.

MaKcuMarbHoe Harpy>xeHue npeacTtaBnsieT coboit ocobbiii BuA o6cneaoBaHuUs. Ha OCHOBE AaHHbIX UCMbITAHUM
MOXHO CAleNaTh BbIBOAbI C YUYETOM CNeaytoLIero:

Hecymeﬁ CNOCcoBHOCTM UCMbITLIBAEMOrO 3/1EMEHTA B pexunme KOHTpOJ'IbHOVi Harpysku,

—  OpYrux 3N1EMEHTOB;

APYrUX YCNOBWIA HarpysKu;
—  MOBEAEHUS CUCTEMBI.

CnoenaTb BbIBOZ MO NEPBOMY MyHKTY He MPeACTaBASIET COXHOCTU — (yHKUMSI MAOTHOCTM pacnpeaeneHus Bepo-
SATHOCTM HecyLuel CnoCOBHOCTM NPOCTO OCTaHaB/IMBAETCS Ha 3HAYEHUM MaKCUManbHOWM Harpy3ku. Caenath BbIBOA MO
APYTUM MyHKTaM croxxHee. HeobxoauMo 3aMeTuTb, YTO KOMMYECTBO WCMbITaHWM C MaKCMManbHOM Harpyskoi He
AOIHKHO OrpaHMuMBaTbCs OAHWUM. KOHTPONIbHOE MCMbITaHWE MOXET MPOBOAWUTLCS Ha OOHOM 3NIEMEHTE MpU pasHbIX
YC/IOBUSIX Harpy>XeHust u/unu Ha obpasue KOHCTPYKTUBHbIX 311eMeHTOB. Bo n3bexaHue HexenaTenbHoro noepexzae-
HUSI KOHCTPYKLMW BCNEACTBUE MaKCUMasbHOWM Harpy3ku, PeKOMEHZYeTCsl yBeNMUMBaTh Harpysky MOCTEMNEHHO U U3-
MepaTb AecopMaumn. PesynbTaTbhl U3MEPEHUIA Takke CNocoBCTBYOT GOMbLIEMY NMOHUMAHWIO NMOBEAEHUS] CUCTEMbI. B
OCHOBHOM, MPUW UCMbITAHMSIX HA MaKCUMarbHYK Harpy3Ky peako yYuTbIBalOTCS AONrOBPEMEHHbIE UK 3aBUCSLLME OT
BpeMeHW BOo3AeNCTBUS. [laHHble BO3AENCTBUS JO/MKHBI KOMMEHCUPOBATLCS pacyeTamMu.

4. OCHOBHbIE NepeMeHHble
4.1 OCHOBHbIE NOJIOXXEeHUNA

B COOTBETCTBUM C BbILLEYNOMSIHYTHIMU OCHOBHBIMU MPUHLIMMAMMU U NPaBUIaMU, XapaKTEPUCTUYECKUE U PenpeseH-
TaTMBHblE 3HAYEeHWs BCEX OCHOBHLIX MEPEMEHHBIX OMPEAenstoTCs C YYETOM peasibHOW CUTyauuu M COCTOSIHWSI KOH-
CTPYyKUMW. MNpUMEHEHME UMEIOLLEICA MPOEKTHOW AOKYMEHTALMU HOCUT UCKIIOYMTENBbHO PEeKOMEHAATENbHbIN XapakK-
Tep. PeanbHoe COCTOSIHME KOHCTPYKLMWM [AOSDKHO MPOBEPSATLCA MyTEM MPOBEAEHWSt OCMOTPOB B PasyMHbIX Konuue-
cTBax. Mpu HEOHGXOAMMOCTM CneayeT NpPOBECTM UCMbITaHUS C paspyLieHUeM unu 6e3 paspylueHnst obpasua, ¢ nocne-
AYIOLLEV OLIEHKON pesyNbTaToB Npu NOMOLUM CTaTUCTUUECKUX METOAOB.

4.2 XapaKkTepucTmyeckue 3HauyeHus

[na nposepkun KOHCTDYKTMBHOﬁ HaAEeXHOCTN C UCNOIb30BAHMEM METOAA YaCTHbIX KO3C|)d)VIL|,VIEHTOB XapaKTepu-
CTU4eCcKne N penpeseHTaTuBHbIE 3HAYEHUA OCHOBHbIX NEPEMEHHbIX CNEAYET pacCMaTpMBaTb Cneayolwnum 06pa30M:

a) Pa3Mepbl 31IEMEHTOB KOHCTPYKLMM AOKHbI ONpeaensTbCsl Ha OCHOBE COOTBETCTBYIOLMX M3MepeHuii. OaHako,
€C/M UMeEeTCs UCXoaHast MpoeKTHas AOKYMEHTauUuMsl U pa3Mepbl He MEHSNIUCh, B pacyeTax MOryT OblTb UCMONb30-
BaHbl HOMMHA/bHbIE pa3Mepbl, Yka3aHHble B AOKYMEHTaLMM.

49



Implementation of Eurocodes Handbook 2

6) HarpysouHble XapaKTepUCTUKK CleayeT NPeACTaBsATb CO 3HAUYEHUAMM, OTPAXKAIOWMMM PeanbHylo CUTYaLmIo,
MPOBEPEHHYIO MyTEM NPOBEAEHWSI UCMbITAaHUIA C paspyLleHneM unu 6e3 paspylueHus obpasua. Ecnm kakue-nnéo
Harpy3ku 6biM YMeHbLUEHbI UK NMOSTHOCTBIO YAaNeHbl, PENpPe3eHTaTUBHbIE 3HAYEHNUS TaKXKe ClieayeT YMEHbLLWUTb
WM CKOPPEKTMPOBATb COOTBETCTBYIOLUME YACTHblE KO3(duumeHThl. Ecnn paHee Habnoaanocb ypesmepHoe
Harpy>xeHue, HE06X0AMMO COOTBETCTBYIOLLMM 06pa3oM YBEIMUMTb PEMPE3EHTATUBHbIE 3HAYEHUS.

B) CBOWCTBa MaTepManoB CleayeT paccMaTpuBaTh B COOTBETCTBUM C peanibHbIM COCTOSIHMEM KOHCTPYKLUM, Mpo-
BEPEHHbIM NMyTEM NPOBEAEHUS UCMbITAHWI C paspylueHneM unu 6e3 paspylueHus obpasua. Mpy HannumMm ucxoa-
HOW MPOEKTHOW [OKYMEHTALMWU U OTCYTCTBUW 3HAUUTENIbHOrO M3HOCA C BO3MOXXHBLIMU MPUCYTCTBYIOLMMM OLING-
KaMW NPOEKTUPOBAHMS MM OLIMBKAMM MOHTaXa, MOryT 6biTb MCMOMb30BaHbI XapaKTEPUCTUUECKUE 3HAUEHMS,
MpeAcCTaB/eHHbIE B UCXOAHOM MPOEKTE.

r) HeonpeaeneHHOCTM Mogenu cneayeT paccMaTpuBaTh TaK Xe, Kak M Ha CTagumu NPOeKTUPOBaHMS, 3a UCKIIoYe-
HMeM cnyyaeB, Korga bonee paHHee noBeaeHMe KOHCTPYKUMM (B 0OCOBEHHOCTM pa3pylleHne) AnKTyeT obpaTHoe.
B HekoTOpbIX Criyyasix mapameTpbl Moaenu, Ko3chdUUMEHTHI M APYrMe pacyeTHble AOMYLLEHUSI MOXHO onpeae-
NUTb, UCXOAS W3 Pe3yNbTaTOB M3MEPEHWUIN CYLLECTBYIOWEN KOHCTPYKUMM (Hanpumep, Ko3dhULMEHT BETPOBOM
Harpy3Kku, 3HaUeHUs PacYETHOM LUMPUHBI U T.4.).

MpoBepKa HAAEXHOCTU CYLLECTBYIOLLEN KOHCTPYKLMM A0/MKHA 6biTb OCHOBaHa Ha NPOBEAEHUM OCMOTPa CoopyXe-
HUS, BKTloYast C60p COOTBETCTBYIOWMX AaHHbIX. OAHUM M3 Hanbosee BaXKHbIX 3TaMoB NpW OLEHKE HAAEXHOCTU ABNS-
€TCS OLEHKA UCXOMHbIX AaHHbIX, U UX YTOYHEHME C UCMOJIb30BAHUEM HOBbIX MOJTYYEHHbBIX PE3YNIbTATOB M3MEPEHU.

5. AHanus pe3ysibTaToOB NPOBEPKMU
5.1 O6HOBNEeHMe AaHHbIX

MokasaTenu CBOWCTB M HaAEXHOCTU MOryT 6biTb OOHOBMEHBLI C UCMOMb30BAaHWEM pe3y/nbTaToB MPOBeEpPKM (Kaue-
CTBEHHOWN MPOBEPKM, PAcYeTOB, KOIMYECTBEHHOM MPOBEPKU, MaKCUMasIbHOMO HarpyXeHus). Boiaensitotcs ase pasHbix
npoueaypsbil:

1) nepepacyeT BEpOATHOCTM Pa3pyLUEHUst KOHCTPYKLUM.
2) nepepacyeT pacrnpeaenieHunit BEposiTHOCTEN OCHOBHbBIX NEPEMEHHLIX.

MpsiMoe 06HOBNEHNE MAPAaMETPOB KOHCTPYKTUBHOM HafexHocTu (npoueaypa (1)) dopManbHO MOXHO MpousBe-
CTW, UCMOMb3YS CNeayoLLyt0 OCHOBHYIO (DOpMyy TEOPUM BEPOSITHOCTY:

P(F|T) =% W

rae P obo3HauyaeT BepOSTHOCTb, F — NoKanbHoe unu oblee paspylueHne, 1 — uHdopMaumio NpoBepku, n M —

06n1acTb nepeceyeHns AByxX CoBbITMI. MHdopMaLma npoBepkn 1 MOXET COCTOATb M3 HabMIIOAEHNS TOro, YTO WMPUHA
TpeLLmMHbI Ha 6anke B MeHbllie, YeM LiMpUHa TPeLLuHbL Ha B6anke A. MpUMep YTOUHEHUS BEPOSITHOCTEN C MCMOSMb30Ba-
HMeM ypaBHeHus (1) NpuBeaeH B NPUNOXeHWUWN B K AaHHOM rnase.

5.2 MNepepacueT pacnpepeneHnsa BepoaTHOCTEN

Mpoueaypa nepepacyeTa OAHOMEPHOrO WM MHOTOMEPHOTO pacrpeAeneHust BeposiTHocTel (npoueaypa (2))
opManbHO UMeeT cneaytoLwmnii BUA:

£ (1) = CPU)E (x) @

rae fy (x|] ) 0603HauyaeT yTOuHEHHYIO (YHKLMIO MIOTHOCTW pacnipesenerus sepositHoctenn X , fy (x) obo-

3HavaeT ByHKLMIO NNIOTHOCTM pacnipeaeneHus sepostHoctel X o nepepacyeta, X — OCHOBHYIO nepeMeHHyo unu
cTatTucTuyeckuin napametp, I — uHdopMaumio nposepkn, C— HOPMUPYIOLLYIO MOCTOSIHHYIO, a P(I|x) — (yHKUMIO
npasgonogobus. Ha puc. 1 npeactaBneHo NOsICHEHUE K YpaBHEHUIO (2).
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fi(x), fi(x|])

updated distribution fi(x

D)

prior distribution fi{x)

| | L
prior xq updated x4
fy (x), fx (x]D)

yTouHeHHoe pacnpeaenetve fy (x|] )
anpuopHoe pacrnipesenetme fy (x)
anpuopHoe X,
YTOUHEHHOE X4

X

Puc. 1. MepepacueT byHKLMMN NIOTHOCTH pacnpenesieHns BeposiTHOCTE
ans oxxupaemoii nepemeHHon X .

B npumepe, NpeacTtaBneHHOM Ha puc. 1, nepepacyer npuBoauT k Gonee 6GnaronpuUsTHOMY pacrnpeneneHuio ¢
6OMbILMM pPacHETHbIM 3HAUEHMEM X, YEM WUCXOAHOE pacyeTHoe 3HauyeHue X, . TeM He MeHee, B OCHOBHOM, yTOu-
HEHHOEe pacrpeaeneHne TakKe MOXET BbiTb MeHee 6/1aronpusSTHLIM, YEM anpUOPHOE pacrpeaeneHue.

5.3 Nepepacuetr BEpOATHOCTU pa3pylUeHUNA

Kak TOmMbKO yCTaHOBMIEHbI YTOUHEHHbIE pacripeaeneHnst As OCHOBHbIX nepeMenHbx fy (X), yTouHeHHyio Bepo-

SATHOCTb pa3pyLleHus P(F |I ) (npoueaypa (1)) MOXHO onpeaenuTb MpU NOMOLUM BEPOSATHOCTHOMO aHanusa C npu-

MEHEHWEM CTaHAAPTHOIO METOAA KOHCTPYKTUBHOM HAAEXHOCTM ANst HOBbIX KOHCTPYKUMIA. B BUAe copMynbl 3TO Mo-
XET BbITb NPEACTaBNEHO CriefyoWwmUM 06pasoMm:

P(F|I) = J‘ fx(Ddx 3)
g(x<0)
roe fy (x|] ) 0603HaYAET YTOUHEHHYIO (DYHKLMIO MAOTHOCTM pacnpesenequns sepositHocTel, a g(x) < 0 - o6-
nactb paspywenus (rae g(Xx)— 310 dyHKUMS NPesensHoro CocTosHMs). HeobxoamMo A0KasaTh, YTO BEPOSITHOCTb
P(F |I ), NpeacTaBneHHas PacyeTHbIMU 3HAYEHWSIMU A1 €€ OCHOBHbIX MEPEMEHHBIX, HE MPEBbIAET yKa3aHHOoe
pacyeTHOe 3HaueHue.
5.4 YTOYHEHMe XapaKTEpPUCTUUECKUX U PacUYETHbIX 3HaUYEHUN

Mpoueaypa nepepacyeTa (2) MOXET MCMOMb30BATLCS A5 NMOMYYEHUS YTOYHEHHbIX XapaKTepucTUYecknx 1 penpe-
3EHTATUBHbIX 3HAYEHMI (KBaHTUIEN COOTBETCTBYIOLLMX PAcnpeaeneHnin) OCHOBHbIX NEPEMEHHBIX ANS MPUMEHEHUS B
METOoAE YacTHbIX ko3dduLUMeHTOB. BallecoBCKMI MeToA nepepacyeTa KBaHTUIEN OMMUCHIBAETCA B MpuoxeHun C K
[aHHoW rnaee. bonee noapobHas MHbopMaUMs 0 nepepacyeTe NpeacTaBneHa B cTaHgapTe 1SO 12491 [3].

bonee nNpakTWYHBEIM METOAOM SIBMSIETCS NPSIMOE ONpefeneHne YTOYHEHHbIX PACYETHBIX 3HAUYEHUIA ANs KaXXaoW oc-
HOBHOI nepeMeHHol. [ins napameTpa Hecyulei cnocobHocT X pacyeTHOe 3HauYeHWe MOXKHO MOAYYUTb, UCMONb3Ys
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JencTBytolyto dopMyny us ctaHaapta ISO 2394 [1]. Ans pacyeTa HOpMasnbHOM M NorapudMUyYecku HOpMasbHOM
CNyyaliHoW nepeMeHHON UCMONb3YeTCa cneaytowas dhopMyna:

xg=pu(l-apV) 4
x, = pexp(—afc —0,557) (5)

TAe X, — YTOUHEHHOe pacyeTHoe 3HaueHue Ans X , [ — YTOUHEHHOE CpefiHee 3HayeHWe, ¢ — BEPOSTHOCTHbII
KO3(bDUUMEHT BNMsHWS, [ — pacueTHbIi MHOEKC HAAEXHOCTM, V — yTOUHEHHbIN KO3(dMUMEHT Bapuauuu, a

o’ =In(1+7V7?).

3HayeHne pacyeTHOro MHAEKCa HafeXHOCTU ﬁ obcyxxpaetca B ctaHgapte ISO/CD 13822 [2], 3HaueHus o

MOXXHO MPUHSTb PaBHbIMKU 3HAYEHWUSIM, 06bIYHO UCMOMBb3YEMBIM A/st HOBbIX KOHCTpYKUMI (0,7 — Ans AOMUHUPYIOLLEro
napameTpa Harpysku, 0,8 — Ans AOMUHMPYIOLLEro NapaMeTpa HecyLlei cnocobHocTn 1 0,3 — ana He AOMUHUPYIOLLMX
nepeMeHHbIX, B COOTBETCTBUM CO CTaHzapTom ISO 2394 [1]).

n HaO60pOT, MOXXHO CHa4dana OonpeaenTb XapakTepUCTUYECKOE 3Ha4YeHME X, , @ 3aTE€M BbIHUC/IUTL pacyeTHoe

3Ha4eHne X, C MOMOLLbIO COOTBETCTBYIOLLIEro YacTHOro KoapdbmumeHTa Vi

X, =x.1y, (6)

Toraa ans HOPManbHOM M NorapudMUUECKU HOPMAbHOM CyyaiiHoi nepeMeHHon X XapakTepucTUUeckoe 3Ha-
UeHMe X, PacCuMTLIBAETCS CeAyIOLLMM 06pa3oM:

X, = u(1=kV) (7)
x, = pexp(—ko —0,56°) (8)

rae obbluHO ucronbayetca k =1,64 (5% KBaHTWUNb CTaHAAPTU3MPOBAHHOTO HOPManbHOTO pacripeaeneHus). Pe-
KOMeHZYeTcs paccMOTpeTb 06a MeToAa, a 3aTeM UCMOMNb30BaTh PE3Y/bTaT C HaMGOMbLIMM 3aMacoM.

[aHHas npoueaypa MOXET MPUMEHSATHCA KO BCEM OCHOBHbIM MepeMeHHbIM. OAHAKO ANA FreoMeXaHUYeCcKUX
CBOWCTB M NepeMeHHbIX HAarpy3ok 6osee NoaxoasMMM MOryT 6bITb ApYrue pacnpeaeneHusi, MOMMMO HOPMasbHOMO U
norapuM1MUYecKn HOPMasnbHOro pacrnpeaeneHus.

HeobxoaMMO 3aMeTUTb, UTO 6oMee HU3KWUI AOMYCTUMbIA YPOBEHb HAAEXHOCTU MOXKET ObiThb YCTAHOBEH MyTEM
YMEHbLUEHUS 3HaueHuii 3 [ns BEpOSTHOCTHOTO METOAA PacyeTa, M YMEHbLUEHWS 3HAYEHUI ¥ B METOAE YacTHbIX

ko3huumMeHToB. [Ans cBoiicTBa MaTepuana X , ONMChIBAEMOr0 HOPManbHbIM pacnpeaeneHneM, YacTHbI Koaddm-
LMEHT ¥, MOXHO BbIYMC/IUTb C MOMOLLBIO CNIEAYIOLLEro YpaBHEHMS:

X —ko
Ve :_k:ﬂ— (9)
X, u—afoc

KOTOPOE CrieflyeT M3 CooTHoLeHMs1 obulero Buaa (6). Bce 0603HaueHums, ucrnonb3yemble B ypaBHeHun (9), ycra-
HoBneHbl Bbilwe (kK =1,64 06bIMHO MCMOMb3YETCA ANS HOPMaTUBHOIO COMPOTUBNEHMS). AHANOMMYHBIE COOTHOLLIEHNS

MEXAY ., U [B MOXHO BbIBECTW A/ist IOrapUdMUYECKU HOPMATBHOTO PACPEAENeHNst UK APYTUX pacripeaeneHnii.

6. OLleHKa KOHCTPYKTUBHOI Hai@XXHOCTH

MoBeAeHWe KOHCTPYKLUMI AOMKHO BbiTh OLEHEHO C MOMOLLbIO MOAENEN, KOTOPble OMUCHIBAIOT peanbHylo CUTya-
LMIO M COCTOSIHWSI CYLLIECTBYIOLLIEN KOHCTPYKLMWU. B OCHOBHOM, KOHCTPYKLMIO CNeAyeT OLEHWBaTb Ha KpUTUYECKOoe
npefenbHoe COCTOSHWE M MPEeAeNbHOE COCTOSHWME 3KCMUTyaTauMOHHOW MPUIrOAHOCTU C MCMOJSIb30BaHUMEM OCHOBHbIX
NepeMEHHbIX, @ TakXke C YUETOM CBOWCTBEHHOIO NpoLiecca U3Hoca.

Bce OCHOBHblE MepeMeHHbIe, XapaKTepu3ytolWwme BO3AENCTBUS, HAarpy3Ky U HEOMpeAEeneHHOCTM MoAENM, AO/KHBbI
6bITb PACCMOTPEHbI, KaK OMMUCaHO Bbllle. HeonpeaeneHHOCTb, CBA3aHHasi C AOCTOBEPHOCTBIO M TOYHOCTBIO MOAENEN,
AO/DKHA paccMaTpyBaTbCsl B MPOLECCE OLEHKM MM MYTEM MPUHATUS COOTBETCTBYIOLUMX KO3(MULMEHTOB B AETEPMU-
HMPOBaHHbIX NMPOBEPKaXx, UMK NyTeM BBeAeHWUs! KO3(DMULIMEHTOB BEPOSITHOCTHOW MOAENN B OLEHKY HAZAEXHOCTY.

Mp1 NpoBEAEHMM OLEHKM HAAEXHOCTU CYLLECTBYIOWEN KOHCTPYKUMM HEOBXOAMMO YYuTbIBaTb Credytollee: Ko-
acduLMeHTbl NpeobpasoBaHus, OTpaxaollme BausHUME (OpMbl M pa3MepoB 06pasLoB, TEMMEPATYPY, BMAXHOCTb,
BO3A€ENCTBME NPOAO/IKUTENBHOCTU HArpyXeHust 1 T.4. Takke cneayeT yuuTbiBaTb YPOBEHb 3HAHWIA O COCTOSIHWM
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KOMMOHEHTOB. JTO JOCTUraeTcsl NyTeEM KOPPEKTUPOBKM NPeAnonaraeMoi M3MeHUYMBOCTU UK B HECYLLIEN CMOCOBHOCTU
KOMMOHEHTOB, UMM B pa3Mepax MX MonepeYHbIX CEYEHI, B 3aBUCMMOCTY OT TUMA KOHCTPYKLIMN.

Mpwn HabnoAEHNM M3HOCA CYLLECTBYIOLLEN KOHCTPYKUMM CeayeT BbiSBUTb MEXAHM3Mbl M3HOCA, a TaKXe, Ha OCHO-
BE TEOPETUYECKMX U SKCNEPUMEHTANbHbIX UCCNIEA0BAHMI, OCMOTPOB U OMbITa, ONpeaenTb Mofenb M3HOoca, MPOrHO-
3upytowyto 6yayLuyo paboTy KOHCTPYKLMMN.

7. Nposepka

MpoBepKa HAAEXHOCTM CYLLECTBYIOLIENA KOHCTPYKUMW [AO/KHA MPOBOAWUTLCA C WCMOMb30BAaHWEM AEUCTBYIOLIMX
CTPOWTENbHBIX HOPM, KakK MpaBW/i0, OCHOBaHHbLIX Ha METOAE MPeAesbHbIX COCTOsIHWMI. CneayeT obpaTuTb BHUMaHue
KaK Ha KpUTMYECKOEe MpedesibHOe COCTOSIHWE, TaK U Ha NpeAenbHOe COCTOSIHUE 3KCMyaTalMOHHOW MpUrogHOCTU.
MpoBepka MOXET 6biTb NPOM3BEAEHA C UCMOMb30BaHMEM METOAA YaCTHbIX KO3(PMhULMEHTOB UMM METOLOB KOHCTPYK-
TUBHOM HAfEXHOCTW, C YYETOM KOHCTPYKTMBHOM CUCTEMbI M MAACTUYHOCTU KOMMOHEHTOB. OLEHKa HaAeXHOCTU
AOJKHA MPOBOAMTLCS C YYETOM OCTAaTOMHOIrO CpoKa Cy6bl COOpy)KeHUsl, 6a30BOr0 Nepuoaa BPEMEHU U U3MEHEHMWI
YC/OBUIA KOHCTPYKLIMK, CBSA3AHHBIX C OXXMAAEMOWN CMEHOW pexxMMa aKCrsyaTauum.

3aK/oueHre Mo OLEeHKE HaAEXHOCTU AO/HKHO NPOUTM NPOBEPKY AOCTOBEPHOCTM. B uacTHOCTM, Heo6xoaMMO 06b-
ACHATb PaCXOXAEHUS Mexay pe3ynbTaTaMu OLEHKW KOHCTPYKTMBHOW HafeXHOCTWM (HanpuMep, HeaocTaTouyHast
HAEXXHOCTb) M peasibHbIM COCTOSIHUEM KOHCTPYKLMKU (HanpuMep, OTCYTCTBUE MPU3HAKOB MOBPEXAEHWUS UAM paspy-
LUeHWs, YAOBNETBOPUTENbHAs paboTa KOHCTpYKUMK). CnesyeT MMETb B BUAY, YTO MHOTME UHXEHEPHbIE MOAEnU SiB-
NAOTCA MOAENSAMM C 3anacoM, MU UX He BCEraa MOXHO HanpsMYyH MCMosb30BaTh ANA 06bACHEHWS peanbHoi cuTya-
umu.

PacueTHbIii YpOBEHb HAEXHOCTH, UCMONb3YEMbIN AN NPOBEPKM, CNEAyeT NMPUHUMATL 3@ YPOBEHb HaAEXHOCTH,
COOTBETCTBYIOLUMI KPUTEPUAM MPUEMKU, YCTAHOBJIEHHBIM MPOBEPEHHBIMU U YTBEPXAEHHBIMW HOPMaMK MPOEKTUPO-
BaHWA. PacuyeTHbI ypoBEHb HAAEXHOCTU AO/MKEH ObITb YKa3aH BMECTE C YETKO YCTAHOBMEHHLIMU (YHKLMAMKU npe-
AENbHOMO COCTOSIHUSA U CNEeLMasbHBIMU MOLENSIMU OCHOBHbIX NMEPEMEHHbIX.

Takoke pacyeTHbIl YpoBeHb HafieXXHOCTU MOXHO YCTaHOBWUTb C y4eTOM TpebyeMoro ypoBHs paboTbl At KOH-
CTpyKuMK, 6a30BOr0 Nepuosa BPEMEHU WM BO3MOXHbLIX MOCNEACTBUI paspylueHusi. B cooTBETCTBUMM CO CTaHAApTOM
ISO 2394 [1] TpeboBaHusi, NpeabsABsEMbIE K OLEHKE CyLLECTBYIOLMX KOHCTPYKLMIA, COOTBETCTBYIOT TPebOBaHUSIM K
MPOEKTUPOBAHMUIO HOBbLIX KOHCTPYKUMI. Bonee HU3kMe pacyeTHble NokasaTenu HaAeXXHOCTU ANs CyLIeCTBYHOLMX KOH-
CTPYKUMIA MOTYT UCMONb30BaTbCS B TOM C/ly4ae, ecnv OHWM 0DOCHOBaHbI U 06YC/IOBNEHBI SKOHOMUYECKUMM, CoLMarnb-
HbIMW U HaAEXHBIMM NpuHUMNaMu (cM. npunoxenue F k ctaHgapty ISO 13822 [2]).

Cneayet onpefenstb Tpebyemoe 3HaveHVe MHAEKCa HaAEXKHOCTU € y4eToM H6a3oBoro nepvoga spemenu [2]. Ans
3KCMN/yaTaUMOHHON MPUIOAHOCTM M YCTanocT 6a30BbI NMEpUoA BPEMEHW MPUPABHUBAETCS K OCTATOYHOMY CPOKY
CNYX6bl KOHCTPYKLUMK, B TO BPEMSI KaK ANsi KPUTUYECKUX NpeaenbHbIX COCTOSIHUIA 6a30BbI NepUoa BPEMEHW B MPUH-
uMne NpUPaBHUBAETCS K PacYETHOMY CPOKY CIy>Obl, YCTaHOBIEHHOMY [/l HOBbIX KOHCTpykumi (50 net ans 3ga-
HWiA). ITOT 06LWMIA NOAXOA AO/MKEH MPUMEHSTLCS B OCOBLIX Clyuasix M AOMOMHSTLCS NOAPOGHLIM aHaNIM30M XapaKTe-
pa npeaenbHbIX COCTOSIHUIA 3KCMJTyaTalMOHHOM NPUroaHOCTM (06paTuMbli, HEOBPaTUMbIN), YCTaNoCTU KOHCTPYKLMK
(KOHTpOnMpyeMasi, HEKOHTPONMPYEMas), a TakxKe MOCNEeACTBUMA KPUTUYECKMX NPEeAENbHbIX COCTOSIHUI (3KOHOMUYe-
CKMe nocneacrtsud, Konan4ectso mO,Cl,eIZ, noaBepraemMbix OFIaCHOCTVI).

8. OLeHKa NOBPEeXXAEHHOW KOHCTPYKLMH
Ans oueHku I'IOBpG)K,CI,GHHOVI KOHCTPYKUMN PEKOMEHAYETCA NpoBEAEHUE CneAYOLWMNX ,qulCTBMﬁ!
1) BusyanbHblii OCMOTP

PekoMeHayeTcsl Bcerfa NpoBOAWTL MpeABapUTENbHBIA BU3YasibHbIN OCMOTP KOHCTPYKLMM C LIEMbIO MOyYeHHs
nHbopMaumMmM o ee cocTosiHMU. CepbesHble AedekTbl BCeraa o4eBMaHbI A1 OMbITHOMO CreumanvcTa. B ciydyae oyeHb
CEepbE3HbIX MOBPEXAEHWI MOTYT BbITb MPUHATLI CPOYHbIE Mepbl (Takue, Kak KOHCEPBUPOBaHUE COOPYXKEHWS).

2) O6bsICHEHWE HAbMIOAAEMBIX SIBNEHMUI

[Ans Toro, UTobbl MMeTb YETKOEe MPEACTaB/IEHNE O COCTOSIHUM KOHCTPYKLMKM, HEOBX0AMMO CMOAENMPOBaTbL ee Mno-
BPEXAEHWE WU HabnoaaeMoe NOBEAEHWE, UCMOb3ys NPU 3TOM MOAEMb KOHCTPYKLMU M PacyeTHYO CUy pasinu-
HbIX MPUIAraeMbiX Harpy3oKk Unm usndYecknx/XMMMYECKMX BELLECTB. BaXKHO MMETb AOCTYMHYI0 AOKYMEHTauuto, OT-
HOCALLYIOCS! K MPOEKTY, pacyeTaM U CTPOUTENLCTBY. MPU HaNMUMM PACXOXKAEHWII MeXAY pacyeTaMu U HabloaeHUs-
MU LienecoobpasHo NPOBECTU NPOBEPKY AN BbISBAEHUS OLMGOK NMPOEKTUPOBaHUS!, OLUMBOK MOHTaXa U T.A.

3) OueHKa HaAeXHOCTK

MpyU HanMUMKM KOHCTPYKLUMM B ee haKTMYECKOM COCTOSIHUM U C YYETOM MpeACTaBfeHHON 34eck MHgopMauum,
OLIEHKY HaZeXHOCTU KOHCTPYKLMM MOXHO MPOBECTU UMM C MOMOLLBIO pacdeTa BEPOSITHOCTW pa3pyLUeHUsl, UM MeTo-
[a YacCTHbIX k03dULMEHTOB. HeobXoanMO yunTbIBaTb, YTO MOAENb PeasibHOM KOHCTPYKLUMM MOXET OT/MuYaThCsl OT
ucxonHon mogenu. Ecnn ypoBeHb HaZIEXXHOCTW SIBNSIETCS AOCTATOUHbIM (TO €CTb OH Bbllle, YeM CTaHAapTHO AomMy-
CTUMBbI YPOBEHb HAAEXHOCTM B pacyeTax), TO CYMTAETCSsl, YTO TpeboBaHWs COBMOAEHbI U AaNbHENLINX AENCTBUIA He
TpebyeTcs.
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4) [JlononHuTenbHas uHpopMaums

ECnv B COOTBETCTBMM C NMYHKTOM 3) YPOBEHb HAAEXHOCTU SIBMSIETCS HEAOCTAaTOYHbIM, TO HEO6XOAMMO MONYUYUTb
AOMNOJTHUTENBHYIO MH(OPMALMIO MYyTEM MCMNONb30BaHWS 60/ee COBEPLUEHHbIX PAacYETHbIX MoAeNel, NpoBeaeHNs [0-
MONHUTESNbHBIX MPOBEPOK M U3MEPEHWUI, MU OLIEHKM (haKTUUYECKON Harpy3ku. MeToasl nepepacyeToB C UCMOMb30Ba-
HMEM AaHHON MHdOPMaLMM Noapo6HO onMcaHbl B NyHKTE 5 HacTosiLel riaBbl.

5) OkoHuaTenbHoe pelleHne

Ecnn ypoBeHb KOHCTPYKTUBHOM HA€XKHOCTM OCTAETCS HU3KUM, HEO6X0AMMO BbIMOSHATL Cleaytowme AeiCTBUS:
—  NPVHSATb JAHHYIO CUTYaUMIO MO SKOHOMMYECKUM MPUYNHaM;

—  CHM3UTb YPOBEHb HArpy3Kkun Ha KOHCTPYKLMIO;

—  NpPOU3BECTWN PEMOHT 34aHus;

—  HayaTb paboTbl MO CHOCY KOHCTPYKLMMU.

MepBoe pelleHne MOXET 6biTb 0OYCNOBEHO TeM hakKTOM, YTO 3aTpaThl HA MOBLILIEHWE YPOBHA HAAEXHOCTU
HAMHOrO BbilLE AN CYLIECTBYIOLEN KOHCTPYKLIMM, YEM A/t HOBOW KOHCTPYKUMM, VIHOrA@ 3TOT A0BOA MCMOSb3YIOT TE,
KTO YTBEPXXAAET, UTO 6O/ee BbICOKMIA YPOBEHb HAAEXHOCTM, KaK NPaBuW/Io, ABSETCA TPeGOBAHWEM, NPEAbABISEMbIM
K HOBbIM KOHCTPYKLMSIM, @ He K cyllecTsytolwmM. OfHaKo, KOraa peyb MAeT 0 6e30MacHOCTY Niofei, 3KOHOMUYecKas
ONTUMM3ALMA UMEET OrPaHNYEHHOE 3HAYEHME.

9. 3ak/IlouEeHUe U OKOHUYaTesIbHOEe peLueHne

3aksitoueHne 06 oLeHKE KOHCTPYKTMBHOM HaAEXHOCTU U BO3MOXHbIE NpeaBapuTesibHble 0TYETLI (ecnn noTpeby-
€TCA) AO/MKHbI COAEPXaTb YETKUE BbIBOABI C YYETOM 33/lauM OLEHKWM, OCHOBAHHbIE Ha TLIATENbHOM OLEHKE KOHCTPYK-
TUBHOW HaAEXHOCTU W 3aTpaTax Ha PEMOHT WM PEKOHCTPYKLMIO. 3aK/OYEHVE A0MHKHO 6biTb KPAaTKUM U YETKUM.
PekomeHayeMas opMa 3aknoueHust NpeacTaBneHa B Npunoxerun G k ctaHaapty ISO 13822 [2].

ECnu ypoBeHb HafeXXHOCTW CyLUECTBYIOLLEN KOHCTPYKLMWU SIBASIETCS AOCTaTOUHbLIM, BbIMOSHEHWE AaNbHENLINX
LeNCTBUIA He TpebyeTcs. Ecin no pe3ynbTaTaM OLEHKM BbISIBNIEHO, YTO YPOBEHb HAAEXHOCTU KOHCTPYKLMMU SIBNISIETCS!
HEeAOCTaTOYHbIM, CrleAyeT MpUHATb COOTBETCTBYIOWME Mepbl. MOXeT 6biTb peKOMEHAO0BaHO MPUHSTUE BPEMEHHbIX
Mep, KOTopble, B C/lyyae HeobX0AMMOCTM, AOMKHbI ObiTb He3aMeaUTENbHO NPeAnoXeHbl UHXeHepoM. UHxeHepy
crnefyeT yKasblBaTb NPeANnoYTUTENBHOE peLleHne B KauYecTBE NOMMYHbIX JOMOHUTENbHBIX Mep K MPOLECCY OLEHKU B
LieNoM B KaX/IOM KOHKPETHOM Cly4ae.

CneflyeT OTMETUTb, YTO OKOHYaTENbHOE pelleHne O MPUHATUM BO3MOXHbLIX Mep AO/MKEH MPUHMMAaTh 3aKas3umk
COBMECTHO C COOTBETCTBYHOLWMMN HAA30PHbIMU OpraHaMy, OCHOBbIBasACb Ha pe3ynbTaTax TEXHUYECKON OLIEHKMN U pe-
KoMeHaaumax. UHxeHep, BbIMOJSTHAIOLLMNIA OLIEHKY, B C/lydae OTCYTCTBUA B pa3yMHbl€ CPOKM OTBETA CO CTOPOHbLI 3a-
Ka34yuKa, UMeeT 3aKOHHble OCHOBaHWUA I'IpOVIHCbOpMVIpOBaTb 06 atom COOTBETCTBYOLWME HAaA30PHbIE OpraHbl.

10. 3aknoueHume
QO6bl4HO OLUEeHKa CyLLEeCTBYOLWMnX KOHCTDYKLWII‘/II OCHOBbIBAETCA Ha cneayowmx AByX OCHOBHbIX MpaBunax:

—  HeobxoanMMo NpuUMeHsTb AEWCTBYIOLLME B HACTOsILLIEE BPEMSt HOPMbI ANSt MPOBEPKU KOHCTPYKTUBHOW Haaex-
HOCTW, @ CTapbleé HOpPMbl, AEACTBUTENbHBLIE HA MOMEHT MPOEKTUPOBAHUS KOHCTPYKLIMM, HOCAT UCKOYUTENb-
HO PEeKOMEHAATENbHbIN XapaKTep.

—  HeobxoanMMo paccMaTpuBaTh (hakTUUECKME XapaKTEPUCTUKM MATepuasioB KOHCTPYKUMKM, BO3AEWCTBUS, reo-
METPUYECKME NapaMeTpbl U NOBEAEHWE KOHCTPYKLIMM, @ UCXOAHAs MPOEKTHAs [OKYMEHTALMS HOCUT UCKIIO-
UMTE/NBHO PEKOMEHAATENbHbIN XapaKTep.

Hanbonee BaxXHbIM 3TanoM BCEro MpoLIECCca OLEHKU ABMSIETCH aHaNM3 AaHHbIX NPOBEPKU U YTOUHEHWE UCXOAHbIX
A@HHbIX MO MPOYHOCTU U KOHCTPYKTUBHOW HaAeXHOCTW. BaltecoBckmii MeToA MOXET 6biTb SPhEKTUBHLIM UHCTPYMEH-
TOM.

O6bIYHO OLEHKa CyLLECTBYIOLMX KOHCTPYKLUMI NpeacTaBnseT cobol LMKIMYHbIA NPOoLecc, Koraa nepeas npeasa-
puUTenbHas OLeHKa COMpOBOXAAETCS MOCHeAyoWMMY TLATeNbHbIMU 06CnefoBaHUsIMU U OLIEHKOW. 3aksoueHne o6
OLeHKe KOHCTPYKTUBHOW HaleXXHOCTW, MOArOTOBNEHHOE MHXXEHEPOM, AO/MKHO CoepXaTb peKoMeHAaLMW Mo MNpuHs-
TUIO BO3MOXHbIX Mep. OHaKO, OKOHYaTeNbHOE pEeLLIEHME O MPUHSATUN BO3MOXHbIX Mep A0/MKEH NPUHUMATL 3aKa3uuk
COBMECTHO C COOTBETCTBYIOLUMMU HaA30PHLIMI OpraHamu.
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MpunoxxeHme A. O6L1an cxeMa OLleHKHU CYLeCTBYHOLMX KOHCTPYKLIMA

TpebosaHus/ToxenaHus

Onpeaenelue 3agad OUEHKU M COCTaBNIeHUE NNaHa

CueHapuu

|
MpeaBapUTENbHaA OLEHKa
— U3yueHne uMeoLleiica JOKYMeHTaLUK 1 APYrUX MaTepuanos
— MNpeaBapUTenbHbI OCMOTP
— MNpeaBapUTenbHble NPOBEPKH
— PelleHWe o NPUHATUN CPOUHBIX Mep
— PexoMeHaauun no noapobHoii olleHKe

Het

MoapobHas oleHka?

— TwatenbHoe U3yueHne W NpoBepKa AoKYMeHTaLuu

— TwaTtenbHblil OCMOTP

— McnbiTaHWe MaTepuanos W onpejeneHune
BO3/eHCTBUIA

— OnpepeneHne KOHCTPYKTUBHbBIX CBOWCTB

— OLEeHKa KOHCTPYKTUBHON HaAEKHOCTH

— lNpoBepka KOHCTPYKTUBHOW HAAEMHOCTH

Jik

JanbHelwan nposepka?

I OTueT 0 pe3ynbTaTax oleHKH | — MNepuoanueckuit ocMoTp
| — TexHuueckoe
obcnyxuBaHue

| OLEHKa W NPUHATHUE PelieHus |

JlocTaTouHas
HaAEeXHOCTb?

Het
— JanbHeiiwne geiicteus  |——
CoopyxeHue JrcnnyaTauuns
— PemoHT — MOHUTOPUHT
— PekoHCTpyKU M — MaMeHeHWe peXxuMa
— CHoc 3KCnnyaTauuu
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MpunoxxeHune B. MNepepacuer BepoaTHOCTEN

[aHHbI NpuMep nepepacyeTa BeposSiTHOCTEN 6bin B3AT U3 A0KyMeHTOB [4] v [5]. PaccmMoTpuM dyHKUMIO npe-
nensHoro coctostnst G(X), rae X — BeKTOp OCHOBHbIX MepeMeHHbIX, a paspylieHne F onucbiBaeTcs HepaBeH-

ctBom G(X) < 0. Ecnm pesynbtaToM nNpoBepkn KOHCTPyKuMn [ sBNsieTcs cobbiThe, ONUCbiBaEMOe HEpPaBEHCTBOM
H >0, to c npumerernem ypasHeHus (1) M3 oCHOBHOrO TekcTa hopMyna Ana nepepacyeTa BEPOSITHOCTW paspy-
wenns P(F |I ) 6ynet umeTb creaytoLwmit BUA:

P(G(X)<0nH>0)

P(F|[I)=P(G(X)< 0| H >0)= P> 0) (B.1)

Hanpumep, paccMoTpuM CBOBOAHO OMEPTYIO CTanbHylo 6anky ¢ AnMHON nponeta L, HaxoAsLlylocs noa Bo3aen-
CTBMEM CTaTWYeCKOW PaBHOMEPHOW Harpy3ku g W MepeMeHol Harpysku ( . [pyrve napameTtpbl 6anku: nnactude-

CKWUIN MOMEHT COnpoTuBiEHNA cevyeHusa Wn MNPOYHOCTb CTaun fy .

MpUMeHsIs MeToA YacTHbIX koadduumeHToB, pacyeTHoe ycnore R -S, > 0 mexay pacueTHbiM 3HaueHMeM
R, Hecyweit cnocobHoctn R v pacuetHbiM 3HaueHnem S, BosaeiicTBust Harpysku S 6yaeT UMETb CReayloLuit
BUA:

Wil Vm — (;/ggkL2 /8)+ }/qqu2 /8)>0 (B.2)

roe fyk 0603Ha4aeT HOPMaTMBHOE CONPOTUBEHNE, g, — XapaKTepUCTUYEecKoe (HOMUHAMLHOE) 3HaYeHne CTa-
TUYECKOI Harpyskn g, ¢, — XapakTepuctTuieckoe (HOMUHANLHOE) 3HaYeHNe NepeMeHHON Harpyskn (, J,, — YacT-
HbI k03hULMEHT NPOYHOCTU CTanu, Ve~ YaCTHbIN KO3(PUUMEHT CTAaTMUECKON Harpysku, a Ve YaCTHbIN KO3-
(UUMEHT NepeMeHHON Harpy3ku. Mo aHanorum ¢ dopmynoii (B.2), dyHkuma npeaensHoro coctosina G(X) 6yaet
UMETb Creayowwmin Bua:

2 2

G(X)=R-S=Wf, (gL’ /8+qL’/8)(83)

rie BCe OCHOBHblE NepeMeHHble, B OCHOBHOM pacCMaTpyBaloTCs Kak CryualiHble NepeMeHHble, KOTopble XapakTe-
PU3YIOTCS COOTBETCTBYIOWMMY BEPOSITHOCTHLIMU MOAENSMU.

[na npoBepku HapeXxHOCTM Ganka 6blna McnbiTaHa, a Takke MpoM3BOAMIOCH MaKCMMaslbHOE HarpyXeHue Ao
YPOBHS (.. . Mpeanonaraetcs, 4yto g, . 3TO (PAKTMYECKOE 3HAYeHMe CTaTUYeCKoW Harpysku £. Ecnum Hecyuas

CNoco6HOCTL Banku ABNSETCA AOCTAaTOYHOMN, TO MHdopMauma [ ByaeT MMETh Cleaytowmii BUA;

[={H>0}=Wf, — (g} 18+’ 18)> 0} B4)

roe fy— hakTyeckas MPOYHOCTb CTanu, g, ., — dakTnyeckas cTaThyeckas Harpyska npy yCnoBum, 4To oHa Gbl-

na onpeaeneHa ¢ J0CTaTOYHOM TOUYHOCTBIO (C MOMOLLbI0 METOZIOB MPOBEAEHUS UCTIbITAaHWI 6€3 paspylueHus obpas-
ua).

[ins onpeaeneHnst yTOMHEHHOW BEpOSITHOCTU paspywenns P(F |[ ) ¢ ncnonb3oBaHueM ypaeHeHus (B.1) cnepyet

BblYNCIUTDL Cneayrolne aBe BEPOATHOCTU:

P(G(X)<0NH >0)=PWf, —(gL*/8+qL’ /8) <ONWf, — (gL’ /8+ G L’ /8) > 0) (B.5)

P(H >0) = P(Wf, = (g, L’ 18+ q,., L /8) > 0) (B.6)

HeobxoanMo caenaTh AOMOMHUTENbHbIE AOMYLLEHNS OTHOCUTENLHO OCHOBHBIX MEpeMeHHbIX. [1oyuns pesynbTaThbl
BbluMCneHunit U3 cdopmyn (B.5) u (B.6), yTouHeHHyio BepositHoctb P(G(X) < 0| H >0) moxHO BblUMCAUTL MO

dopmyne (B.1).
B kauecTBe BapuaHTa, yuuTbiBasi pe3ynbTaTbl KOHTPOMBHOrO UCMbITaHWs, (yHKUMSI MAOTHOCTM pacrnpeaeneHus
BepositHoctelt f, () Hecywelt cnocobHocTn 6anku R = ny MOXeET OblTb OTCEYEHa HWXE YPOBHS MaKCUManbHO

A0MyCTUMOIA Harpy3ku, Kak rnokasaHo Ha puc. B.1.
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th(r)

updated resistance R

prior resistance R

resistance adequate to proof load
fr (r)

YTOYHEHHAas Hecyllas cnocobHocTb R

anpuopHas Hecywas cnocobHocts R
HecyLlas CnocobHOCTb, COOTBETCTBYIOLLAS MaKCUMasbHO AOMYCTUMON Harpyske

Puc. B.1. Bo3geicTBue oTCeuYeHUs1 YPOBHSI MAaKCUMaJIbHOIO Harpy>xeHus
Ha HeCyLYIO0 CMOCOBGHOCTb KOHCTPYKLIUM.

OuyeBMAHO, OTCEYEHWE 3HAYEHWI Hecyllei CMOCOBHOCTU KOHCTPYKLMM YMEHbLIAET YTOYHEHHYHO BEpOSITHOCTb
paspyLUeHUsi KOHCTPYKLMM, ONpeaeneHHyto Kak:

P =P(R-5<0)(B.7)

n, CNneQoBaTesibHO, yBENMNYNUBAET YTOYHEHHOE 3HAYEHNE KOHCTDYKTVIBHOﬁ HaAeXHOCTun.

MpunoxxeHune C. bailecoBCkUii MeTOA OLLEHKN KBaHTUIEN

KBaHTWU/IM OCHOBHbIX MEPEMEHHbIX PaKTUYECKU MOMYT BbiTb YTOUYHEHbI C MOMOLLBIO 6alileCoOBCKOro MeToAa, KOTOo-
pbiii onucaH B ctaHaapTte ISO 12491 [3]. B HacTosllel paboTe AaHHas npoueaypa orpaHUYMBAETCS PAacCMOTPEHUEM

TONBKO HOPMasbHOI nepemMeHHo X , Anst KOTopoil yHKumMs anpuopHoro pacnpepenenus [1'(4,0) senvunH U
U O WMEET cneaylowmin Bua:

IT'(u,0) = Co ™o exp{— %[V'(S')2 +n'(u—m') ]} (C.1)
(e

rae C - Hopmupytowas noctosiHHas, o(n')=0 npu n' =0, B npotusHom cnyuae o(n')=1. NapameTpsl
anpvopHoro pacripefenenns m',s',n’,v' — 310 napaMeTpbl, aCUMNTOTUYECKM NPEeACTaBNeHHbIE CreayoLLmMM 06pa-
30M:

s' 1

E(/U) = m"E(O-) = S',V(,Ll) = m,—\/;’V(U) = ﬁ (C.2)

B TO BpeMs KaK napaMeTpbl 7' 1 V' aBASIOTCA HE3ABMCUMBIMU, U MOTYT BbiTh BbIGPaHbI NPOM3BOIBHO (HO 3TO He
osHauaet, uto V' =n'-1). B ypasrenun (C.2) E(.) obosHauaer mMaTemaTudeckoe oxuganue, a V' (.) — koadpdu-
LUMEHT Bapuauuu nepemMeHHon B ckobkax. YpaBHeHusi (C.2) MOryT 6biTb MCMOMb30BaHbl Ans pacyeTa HEU3BECTHbIX
napametpos 7' u V' npu ycnosun, uto 3Hauennst V(1) m V(0) paccunTbiBaloTcs npv noMowm sKCnepuMeH-
TanbHbIX AaHHbIX MM HA OCHOBE MMEIOLLErOCs OMbITa.
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®yHKuMs anocTepuopHoro pacnpeaenens 11'(4,0) BennuvH L v & sBnseTcs QyHKUMEN TOro e Tuna, YTo
1 yHKUMA anpuopHoro pacnpeaeneHus, Ho ¢ napametpamm m',s",n" u V", npeacraBneHHsbIMM cneaylowmnM o6-
pasoM:

n"=n'"+tn

V'=v'+v +0(n')

m'"n"=n"m'+nm

v"(s")2 + n"(m")2 = 1/'(s')2 + n'(m')2 +vs® +nm’

(C.3)

roe m wn S — BblbOpPOYHOE cpeaHee M CTaHAapTHOE OTKIOHEHME, ¥ — KflacC paccMaTtpusaeMoro obpasua, a
v=n-1. OTcioaa nporHosmpyemMoe 3HavyeHue xp,pred KBaHTUNA xp npeacTtaBneHo B BUAE!:

T} " "
xp,Bayes =m +tpS 1+ |1/I’l (C4)

rae tp— kBaHTWUNb t-pacnpepeneHns ¢ V' creneHsmu ceoboabl (cM. Tabnuuy C.1). Mpu OTCYTCTBMM UCXOAHBIX

haHHbIX cumTaetca, uto n'=v'=0, a xapaktepuctukm m",n",s",V" paBHbl XxapakTepUCTMKaM BbIGOPKM
m,n,s,v. Torna ypasHeHue (C.4) (opManbHO MOXHO Npeobpa3zoBaTh B, TaK HA3bIBAEMYIO, MPOTHO3HYIO OLIEHKY
KBAHTWNS, U OHO ByaeT MMETb Creaytowwmi Bua;

X =m+i,s 1+|1/n (C.5)

p,pred

rae tp cHoBa 0603HauaeT KBaHTU/b t-pacnpeaeneHms ¢ V"' creneHamu csoboabl (cM. Tabnuuy C.1). Bonee Toro,

€C/in N3BECTHO CTaHAapTHOE OTK/IOHEHUE O (Ha OCHOBE npowbIX pacquOB), TO V=00 N § cneayet 3aMeHNTb Ha
O .

Mpumep
[na pacyeta xapaKTepuCTUYECKOro 3Ha4YeHMs NPoYHOCTM 6eToHa fck =X, npn p= 0,05 Bo3bMeM BLIGOPKY

M3MepeHuin npouHocTn 6etoHa 71=15, cpenHee 3Havenne m =29,2Mlla u cranpaptTHoe oOTKIOHEHUE
s =4,6MIIa. Mpu oTcyTcTBAM MCXOAHBIX AaHHBIX cunTaetcs, yto n'=Vv'=0, a xapaktepuctukn m",n",s",v"
paBHbl XapaKTepUCTMKaM BbI6OpkM 71, 71,S,V . Toraa u3 ypasHeHusa (C.5) cneayeT, 4To MPOrHO3MpyeMoe 3HaueHue

X, 6yaeT npeacraBneHo B Buae:

-fCu,Bayes = 2399 - 198 X 473 é"' 1= IS,SMHa

rae sqaueHne ¢, =—2,13 B3aT0 M3 Tabnmubl C.1 Ans I1-p=095unv=5-1=4.Npn Hannumn aaHHbIX
U3 Npeabiaylero NpousBeaeHns MOXHO 3(MEKTUBHO UCMOMb30BaTh GaieCOBCKMIN METOA. PaccMOTpUM creayoLme
NCXOAHBIE AAHHbIE:

m'=30,IMIIa, V(m')=0,50, s'=4,4MIla, V(s')=0,28

M3 ypaBHeHus (C.2) cnepyeT, yTO:

2

4,6 1 1 1

'

Vi=—
20,28

~
~

30,1 0,50

b

Otcioaa paccMoTpuM cneaytolve xapaktepuctukn: 1'=0 n v'=6. Yuntbisag, yto v=n—1=4, Ha ocHose
ypaBHeHuii (C.3) nonyyaem, yto:

n"=6, V=11, x"=23,9MIla, s"=4,3MIla

1, B KOHEYHOM CYeTe, 13 ypaBHeHus (C.4) cneayer, yTo:
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f;’u,Bayes = 2359 - 178 X 4,31,é + 1 = IS,SMHa

rae sqavenve £, = —1,81 B3aTo 3 Tabmuuel C.1 ana 1— p =095 n v=10.

B IaHHOM NpuMepe HaleHHOe 3HaYeHNe HOPMATUBHOIO CONpOTMBEHUs (MpUMepHO Ha 10%) 6onblue 3HaYeHus,
MOly4YeHHOro B pe3ynbTaTe MpYMeHeHWs MeToAa NpPorHO3MpoBaHUS 6e3 MCMob30BaHMs MCXOAHLIX AaHHbIX. Cnepo-
BaTesIbHO, MPY HaNMuMM UCXOAHbLIX AaHHbIX 6ANECOBCKMIA METOA MOXET YNyULUUTb OLIEHKY KBaHTUMeN (He Bceraa), B
YaCTHOCTH, ecnun Ha6mo,qar0TC9| 3Ha4UTENbHbIE PACXOXAEHUA B 3HAYEHUAX nepemeHHon. Tak nnun WHaye, cneayet
obpallaTb 0cob0e BHMMaHME Ha UCTOYHUK MCXOAHbIX AAHHbIX C YYETOM CBOWCTB PAacCMaTPMBaEMOW NepeMeHHOM.

Ta6bnuua C.1. KBaHTuAM t-pacnpegeneHus ¢ v creneHsaMm cBo6opabl

0,90 0,95 0,975 0,99 0,995 0,90 0,95 0,975 0,99 0,995

3 1,64 2,35 3,18 454 5,84 12 1,36 1,78 2,18 2,68 3,06
4 1,53 2,13 2,78 3,75 4,60 14 1,35 1,76 2,14 2,62 2,98
5 1,48 2,02 2,57 3,37 4,03 16 1,34 1,75 2,12 2,58 2,92
6 1,44 1,94 245 3,14 3,71 18 133 1,73 2,10 2,555 2,88
7 1,42 1,89 2,36 3,00 3,50 20 1,32 1,72 2,09 2,53 2,85
8 1,40 1,86 2,31 2,90 3,36 25 1,32 1,71 2,06 2,49 2,79
9 1,38 1,83 2,26 2,82 3,25 30 1,31 1,70 2,04 2,46 2,75
10 137 1,81 223 276 3,17 oo 128 164 196 233 2,58

MpunoxkeHus

ATTACHMENTS

1. MATHCAD sheet "Update.mcd"

MATHCAD sheet Update is intended for determination of updated probability using Bayes formula. Prior probabili-
ties and likelihoods are taken from file “update.prn”

2. MATHCAD sheet “"BayesFract.mcd”

MATHCAD sheet BayesFract intended for determination of the characteristic and design values and material par-
tial factor yM using test data in accordance to EN 1990, Annex D.
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FNMABA VI - NTIPUHLUMIN bl OLLEHKU PUCKA

MwunaH Xonuuku!
YHcTuTyT MMenn KnokHepa, Yeluckuii TexHudeckuin yHusepcuTeT B Mpare, Yewuckas Pecnybnnka

O6Lwue nonoxeHus

TpaauLMOHHbIE METOAbI MPOEKTUPOBAHUSI MHXXEHEPHBIX COOPYXXEHUI U APYrMX MHXXEHEPHBLIX CUCTEM YacTO OCHOBbI-
BAOTCS HA KOHLEMUMM LIENEBON BEPOATHOCTM paspylueHusi, OJHaAKoO 3TO OCHOBOMO/AralolLEee 3HaUYEHNe, KaK npasBu-
0, YKa3bIBAETCS TOMIbKO Ha OCHOBE CPaBHUTESbHBIX UCCIEA0BaHWUIA U NPOLLSIOro onbiTa. KpoMe Toro, BEpOSITHOCTHbIE
METOAbl NPOEKTUPOBAHUSA CTPaAAlOT OT HECKOMbKMX HEAOCTATKOB, BK/IHOYasl OTCYTCTBME PacCMOTPEHUS B ClyYalHbIX
W Opyrvx CUTyaumit OnacHOCTU U ux nocneactsuit. O6a 3TM 3KCTpeMasibHble YCIOBUSI BCE Yalle M Yalle CTaHOBSTCS
NPUYMHON CEPLE3HBIX PaspyLUEHUIA U APYrMX HEBNAronpUSTHBIX COBLITUI. UMEIOLWIMICS OMNbIT HarNsaAHO MOKAa3bIBaET,
YTO BEPOSITHOCTHbIE MpoLEeaypbl MPOEKTUPOBaHMS MOryT ObiTb 3(h(EKTUBHO AOMOSHEHbI C MOMOLLbLIO aHanMsa u
OLEHKN PUCKOB, KOTOpPble MOryT NpuUHMMaTb BO BHWUMaHWE pa3inyHble MOCNeACTBUA He6ﬂaFOI'IpVIﬂTHbIX C06bITI/Il‘/lI.
CnenoBaTenbHO, 0XXMUAAETCS, YTO B [OMOSIHEHUE K TPAAMLIMOHHBLIM BEPOSITHOCTHBIM MOHSATUSM METOAbI COBPEMEHHBIX
NPUHLMMNOB KOHCTPYMPOBaHUA ByayT TakxKe Kak nNpaBuiio BKIOYATb KPUTEPUM NMPUEMIEMOrO pUCKa.

1. BeepgeHune

1.1 CnpaBoyYHble AOKYMEHTbI

CnpaBoyHble JOKYMEHTbI aHanM3a pyUcka CUCTEM MHXEHEPHOro CTPOMTENbCTBa, paccMaTpyBaeMble B jaHHOW paboTe,
COCTOSAT M3 psila HauMOHasbHbIX U MexayHapoaHbIX ctaHaapTtoB [1] ao [9]. Cneayer oTmeTuTb, 4TO EBpOKOa EN
1990 [10] ans rpaxkaaHCKOro NPOEKTUPOBaHWS OCHOBAH Ha KOHLEMUMW LeNeBON BEPOSITHOCTU paspylueHust py. Oa-
HaKO LUMPOKO W3BECTHO, YTO HAAEXKHOCTb COOPYXXEHUI M APYrUX MHXEHEPHbIX CUCTeM CTPaAaeT OT psiaa Heonpepe-
NEHHOCTEW, KOTOpble BPSA MU MOTyT 6bITb MpOaHanM3MpoBaHbl U XOPOLLO OMMCaHbl C NMOMOLLbIO BEPOSITHOCTHBIX Me-
Toaos [11, 12]. bonee TOro, TpaaUUMOHHbIE BEPOSTHOCTHbIE MOHSATUS PAacCMaTpMBAIOT 3HAYMMOCTb paspyLUeHUs U
APYrUX HebnaronpusTHbIX cobbITUI oYeHb cMyTHO [10]. M0O3TOMY BEPOSITHOCTHBIE METOAbI YacTO AOMOSHSAOTCS He-
AaBHO pa3paboTaHHbIMWM MeToAaMu OLEeHKU pucka [12]. B HekoTopbIxX CTpaHax, OLeHKa pucKa AaXe CTaHOBUTCS 06s-
3aTenbHOM MO 3aKOHY B C/lydasix CO C/TIOXKHBIMU TEXHUYECKMMU cMCTEMaMK (31eKTPOCTaHLUMSIMU, TYHHENbHbIMU MapLu-

pyTamu).

1.2 O6wue npuHUMNDbI

O6Lwwme NpUHUMNbI aHann3a pucka u obLume MHCTPYMEHTLI, NPUMEHSIEMbIE A UCCNEA0BaHNS CTPOUTESNbHBIX CUCTEM,
paccMaTpuBaeMblX B AaHHOM JOKYMEHTE, CNeaytoT OCHOBHBIM MOHATMAM, NpeacTaBneHHbIM B cTaHaapTax [1] ao [9].
AHanu3 pucka cUCTeMbl NPEACTABNSET CO60M BaXKHYIO YacTb OLIEHKM pucKa M BCErO YMNpaBfieHWst pUCKaMM CUCTEMbI,
KaK yKa3aHo Ha pucyHke 1 (3anmcTBoBaHo 13 [2]).

AHanM3 pyCcKa CUCTEMbl 3aK/IOYAETCA B WUCMONb30BaHMM BCEM AOCTYMHOM MHGOPMauUMM Ans OLEHKU pucka Ans OT-
AENbHbIX NML UK TPYNM HaceNeHns, UMYLLECTBA W OKPYXKatoLLel cpeabl OT BbISIBNIEHHbIX ornacHocTel. OueHKa pucka
[OMONTHUTENBHO BKOYaeT B cebs oueHKy pucka (NpUHSTME MM YCTpaHeHMe), KaK yKasaHo Ha pucyHke 1 (3aum-
CTBOBaHO M3 [2]). Bcs npoueaypa OUeHKM pucka, Kak NpaBufio, NpeacTaBnsieT coboi NOBTOPAIOWMIACS NPOLIECC, Kak
MoKasaHo Ha pucyHke 2 (3ammcTBoBaHO M3 [9]). MepBbilii War B aHanM3e pUCKOB BK/OYAET B CEBS KOHTEKCTHOE
onpeneneHne (0611acTn NPUMEHEHNST), CBI3AHHOE C CUCTEMOW U MOoCeaytolen naeHTUdUKaumein onacHOCTEN.

Risk management

[ |
Risk assessment Risk control

RISk. Risk evaluation DCLI.SllOI]- Monitoring
analysis making
Hazard Risk Risk Risk
identification estimation acceptance treatment

YnpaBsieHue pucKom
OueHKa pucka
KoHTponb pucka
AHanus pucka
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OueHKa pucka
MpuHsaTHe pelueHus
MoHuTOpHUHI
OnpeneneHune onacHoOCTH
OueHKa pucka
MpuHaTne pucka
YcTpaHeHue pucka

PucyHok 1. Cxema ynpaBneHust puckom (3ammMcTBOBaHO U3 [2]).
CucteMa noHMMaeTcs [2] Kak orpaHWuyeHHasi rpynna B3aMMOCBSI3aHHbIX, B3aMMO3aBMUCHMbIX M B3aVMOAENCTBYHOLLMX
3/1EMEHTOB, 06pa3yIoOLMX CYLLHOCTb, KOTOpasi AOCTUraeT B CBOEM Cpeae onpeaeneHHoW Leny nyTeM B3anMoaenCTBuUS
ee vacTell. B cnyyae BO3HVMKHOBEHWS TEXHOMOMMYECKMX OMACHOCTEN, CBSI3aHHBLIX CO CTPOMUTENBLCTBOM, CUCTEMA, Kak
npasuno, chopMupyeTcst U3 U3MYECKON MOACUCTEMbI, YEIOBEYECKOW MOACUCTEMBI, UX YNPAB/IEHWs, @ TaKXKe OKpYy-
Xatouleln cpeabl. O6paTTe BHUMaHWE, YTO aHanM3 PUCKOB CUCTEM CTPOMUTENLCTBA (@HANOrMYHO aHanuay 60sbLUMH-
CTBa CMCTEM), KaK NpaBW/IO, BK/IOYAET HECKOSIbKO HE3aBMCKMMbIX KOMMOHEHTOB (HanpuMmep, YenioBeYecKy >KWU3Hb,
TpaBMbl, 3KOHOMUYECKME NOTepH).
Niobas TexHWnueckasi cucTeMa MOXKET MOABEPraTbCsl BO3AEWCTBMIO MHOXECTBA BO3MOXHbIX CUTyauMi onacHocTu. B
C/ly4ae CO CTPOUTESNIbHLIMU COOPYXKEHUSIMU CUTYaLMM OMACHOCTM MOTYT 3aK/touaTbCs KaK B BO3AEMCTBUSIX OKPYXKato-
Wei cpeabl (BeTep, TeMMepaTypa, CHEr, NlaBUHbI, kKaMHenazbl, NMOYBEHHbIE BO3AENCTBUS, BOAA M NOA3EMHbIE BOAbI,
XUMUYECKME UNU U3NYECKME BO3AENCTBUA U T.4.), TaK U B AEATENbHOCTM YenoBeka (3KCryyaTaumsi, XMMUYECKue
nnu msmyeckue BO3AeNCTBUS, NoXap, B3pbIB M T.4.). Kak NpaBuio, CUTyauum OnacHOCTM BCIIEACTBUE YENOBEYECKMX
OWKnboK ABNsOTCS 6onee 3HAYNTENbHBIMKU, YEM OMACHOCTM, CBSI3aHHbIE C BO3AEMCTBMEM OKpPYXXaloLLEN cpeabl.

2. Knaccudmkaumsa onacHOCTH
OnacHOCTb MpefcTaBnseT Habop 06CTOATENBCTB, BO3MOXHO, NMPOUCXOASLUMX BHYTPU AAHHOW CUCTEMbI, C BEPOSITHO-
CTbO BO3HWMKHOBEHMSI COBBITUSA C HeXenaTenbHbIMU NOCNeACTBMSAMU. HanpuMep, OnacHOCTb ANS CUCTEMbI CTPOUTENb-
CTBa MOXET NPEACTaBATb CTeYeHWe 0BCTOATENLCTB C BEPOSTHOCTBbIO K HENpeaBWAEHHOro AedcTBus (Hanpumep,
roXxap, B3pbiB) WM BO3AEWCTBUS OKpYXatolleid cpedbl (HAaBOAHEHMS, TOPHAAO) W/WUNM HEAOCTATOUYHOM MPOYHOCTU
WM COMPOTMBNIEHUSI UM YPE3MEPHOIO OTK/IIOHEHMSI OT NPeAnoaraeMblX pasMepoB. B ciyyae BO3AENCTBUS XUMMYe-
CKOro BELLECTBa, ONacHOCTb MOXET BblTb CNeACTBMEM psila 0BCTOATENLCTB, CNOCOOHLIX OKa3blBaTb BO3AeNCTBME [2].
BbisiBNeHve 1 MoaenupoBaHWe OnacHOCTM — 3TO MPOLECC OMNO3HaBaHWUSA OMacHOCTU W ONpefeneHns ee XapakTepu-

CTUK BO BPEMeHM W MPOCTpaHCTBe. B cyyae C cucCTeMaMu CTPOUTENbCTBA OMacHoCTb F1, MoxeT 6biTh cBsi3aHa C
PasnNYHbIMK pacYeTHbIMU CUTyauusMn B 3A4aHWK (Kak onpegeneHo B [7]), BKAOYas MOCTOSIHHYIO, MEPEXOAHY M
CNyyaliHylo pacyeTHble cuTyaumuu. Kak npasuno, H; npeactaBnsioT coboit B3anMoncktoualoLpe cutyaLmm (Hampu-
Mep, NOCTOsHHbIE W CllyyaiiHble pacyeTHble CUTyaLmMu B 3aaHuun). Toraa, ecin cutyaums 1, BO3HMKaeT ¢ BEpOSTHO-
croto P{H}, 10 umeer mecto XP{H .} =1}. Ecm cutyaumm H, He SIBNSIIOTCH B3aUMOMCKNIOHAIOWMMM, TO aHa-
NV3 CTAHOBUTCS Gomnee CIOKHbIM.
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PucyHok 2. CxeMa UTepaumMoHHOro MeToda Ans oueHKkn pucka (3anmcteoBaHo 13 [9]).

O6paTute BHMMaHWe, YTO B HEKOTOPbIX JOKYMeHTax (HanpvMep, B HeAaBHeM eBporeiickoM ctaHaapTe EN 1990 [10])
onacHbIi hakTop onpeaensieTcs kak cobblTue, B TO BPEMS Kak NpU aHanuse pucka [2] oH, Kak npaBuio, paccMaTpu-
BAETCS KaK COCTOSIHWE C BEPOSITHOCTBIO BbI3BaThb COOLITUE, CNeAoBaTeNbHO, Kak CUHOHWUM OMacHOro MOJIOXKEHUS.

3. OnpepeneHne u MmoaenupoBaHue COOTBETCTBYHOLLMX CLleHapueB

CueHapuii pucka npeacTaBnsieT cobol nocnefoBaTeNbHOCTb BO3MOXHBIX COObITUI ANSt AAHHOrO puUCKa, Beaywwmx K
HexenaTesbHbIM MoCNeAcTBUsAM. BaxkHellel 3aiauell aHanu3a pUCKOB SIBNISIETCS OMNpeaenuTb BO3MOXHble cbou B
cuUcTeMe MK ee noacucTeme. IT0 TPebyeT UccnefoBaHWsl OTAEMNbHbIX AeTanel U NoHMMaHus cuctembl [6]. TeM He
MeHee, laHHas CMCTeMa YacTo SIBASIETCS YacTbio bonee KpynHoW cucteMbl. CnegoBaTenibHO, MOAENMPOBaHUE 1 No-
CneayloLWmi aHan13 cUcTeMbl NpeacTaBnsieT coboi YCNOBHbIM aHanua.

MopaenvpoBaHue COOTBETCTBYIOLMX CLEHApUEB MOXET 3aBUCETb OT KOHKPETHbIX XapaKTepUCTUK CUCTEMbI. [To3TOMYy
66111 paspaboTaHbl pasnnyHbie MeToabl ANs BbisBneHus pucka (Hanpumep, PHA HAZOP) n ans MmogennpoBaHus co-
OTBETCTBYIOLLMX CLieHapueB (AePEBO HEUCNPaBHOCTEW, AePEBO COBLITUI/AEPEBO PeLIEHMIA, NMPUUYMHHO-CIIEACTBEHHbIE
cetun). MNoapobHoe onucaHwe 3TUX METOAOB BLIXOAMT 3a PaMKWM AAHHOMO CTaHAapTa, OAHaKo, BCTpeyaeTcs B [6, 9] n
Apyroi nuTepaTtype.
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4. OueHKa BEpOATHOCTU
BeposTHOCTbL — 3TO, B LIESIOM, BO3MOXXHOCTb OCYLLECTB/IEHMSI UM CTEMEHb YBEPEHHOCTU B OCYLLECTBNEHUN KOHKPET-
HOro COBbITWS,, KOTOPOE MOXET NMPOM3OMTU B TEYEHME 3aAaHHOrO NPOMEXyTKa BPeMeHU. B 4acTHOCTM, HaAeXHOCTb
KOHCTPYKUWKU YHaCTO BblpaXkaeTCa KaK BEPOATHOCTb, CBA3aHHasd C KOHKPETHbIM TpGGOBaHMEM N 3alaHHbIM NMepnoaoM
BpeMeHu, Hanpumep, 50 net [3,10].

Ecnv npeanonoxuTb, U4To cucTeMa MOXET BbiTb 0GHapyxeHa BO B3aMMOWCK/ioHalolWmx cutyaumnsix H ,, a otkas, £,
cucTeMbl (HanpyUMep, KOHCTPYKLIMK UK ee SNieMeHTa) NPy BO3HUKHOBEHUW onpeaeneHHoii cutyaumn H; ¢ ycnosHoii

BEPOSITHOCTbIO P{F | H l.}, TOrAa MosHas BEPOATHOCTb OTKasa P, OMPEeAeNseTCs 3aKOHOM MOJHON BEPOATHOCTY

(c™m., Hanpumep, [11]), cneaytowmm obpasom:

Pr :ZP{HI‘}P{F|H1‘} (1)

YpaBHeHue (1) MOXET 6bITb UCMOMb30BaHO AS1 U3MEHEHWSI YACTMUHBIX BEPOSTHOCTEN P{H ; }P{F |H l.} (B cooTBeT-
CTBUW € cuTyaumsimu F1,) ¢ Lenbio cobiofieHnst yCnoBusi NPOeKTUpoBanus p. < p,, TAe P, — yKasaHHas Liene-

Bas BEPOATHOCTb OTKa3a. Llenesoe 3HaueHne p, MOXeT GbiTb OMPeAENeHo C UCMONMb30BaHNEM BEPOSATHOCTHOM on-
TUMU3aLMM LeNeBOM (yHKLMM, ONUCHIBAIOLLIEN, HanpuMep, 06LLlyl0 CTOMMOCTb.
H ;} AOJDKHbI 6bITb OMpPeAeneHbl C MOMOLLbIO NoAPOGHOro BEPOSTHOCTHOMO aHanusa

YCrnoBHbIE BEPOSTHOCTM P{F

COOTBETCTBYIOWMX CUTYaLmii [, no cooTeeTCTBYyIOWMM CLieHapWsiM. TpaAnLIMOHHbIE MeToAbl HafexHocTy [8] npea-

nonararoT, YTo OTKas, £, CUCTeMbl MOXET Takxe ObiTb onpeaeneHo B 0611acT BEKTOpa OCHOBHbIX NMepeMeHHbIX X.
Hanpumep, npeanonaraercs, YTo OTKa3 CUCTEMbl MOXET ObiTb onpeaeneH HepaBeHCTBOM g(x)<0, rae g(x) — Tak
Ha3biBaeMasi yHKUMS npefenbHOro COCTosHUA, rae X — peanusaumst Bektopa X. OTMeTuM, yto g(x)=0 onucbiBaeT
rpaHvLy nNpeaenbHOro COCTOSHMUS, @ HepaBeHCTBO g(x)>0 —be3onacHoe COCTOSIHME KOHCTPYKLMM.

EcM nnoTHOCTb COBMeCTHbIX BeposiTHocteld (x| H,) ocHoBHbIX nepeMeHHbix X B cuTyaumn [, ussectHa, TO

YCNOBHas BEPOATHOCTb OTKa3a P{F | H i}, MOXET BbIThb fanee onpeaeneHa [6] C NOMOLIbIO UHTErpana:

PlF|H = [t (x] H#, Jdx 0

g(x)<0

CnepyeT OTMETUTb, YTO BEPOSITHOCTb P{F | H l.} BbIYUCNISAETCA C UCNONb30BAHNEM YpaBHeHUs (2) UMeeT, Kak npa-

BWJ10, ABa CyLEeCTBEHHbIX HeaocTaTka:
- HeonpeaeneHHOCTb B onpeaeneHny npeaenibHoro CoCTosiHus dyHKummn g(x),
- HEOMpeeNeHHOCTb B TEOPETMUECKON MOAenM Ana dyHKumMn nnotHoctn X (x| H l.) OCHOBHbIX NepeMeHHbIX X [8].

3TV HEOOCTaTKW, CKOpee BCEro, SABMATCA NPUUMHAMM HabMoAaEMOro PacXoXAeHUs MEXAY OnpeaeneHHON BeposT-
HOCTbIO P, U (haKTUYeCKOiA YacToTol 0Tka30B; [laHHas npobnema Bbi3biBaeT 0CO6Yi0 TPeBOry B Cly4ae BO3HWKHO-

BEHUs Noxapa. TeM He MeHee, TpeboBaHMe BEPOSITHOCTU P < P, , KaK NpaBusio, MPUHMMAIOTCS B Ka4eCTBe OCHOB-
HOro KpUTEpUsi ANs NPOEKTUPOBAHUS KOHCTPYKLMNA.

Mpn aHanMse PUCKOB Mbl AOMKHbI 3HaTb HE TOMbKO BEPOSITHOCTb PaspyLUEHMSt KOHCTPYKUMM F, HO M BEpOSTHOCTU
BCEX COBLITUIA, MMElOLMX HebnaronpusiTHble MocneacTsus. B uenoM, cutyaumn FH; MoryT Bbi3BaThb psif COBbITMIA

Eij (HaanMep, HEAOoMYCTUMbIX neq)opMauMﬁ, NOJIHOE pa3BUTUE no>Kapa). HeobxoanMble YCNOBHbIE BEPOATHOCTU

P{El] | Hl} [OSKHbI 6bITb OLIEHEHbI nyTeM npoBeaeHna OTAENIbHONo aHasinm3a C UCNOJIb30BaHMEM Pas3/INYHbIX METO-

[0B, HanpuMep, METOAa AepeBa 0TKa30B U NPUYNHHO-CNEACTBEHHbIX CETOK.

5. OueHka nocaeacTsum
MocneacTeusi — 3TO BO3MOXHbIE PE3Y/bTaThbl XKEIAEMOro MM HeXenaTebHOro cobbiThsl, KOTOpble MOryT 6biTb Bbl-
pa)keHbl YCTHO WM YUCIIEHHO, C LeNblo ONpeaenuTb BeIMUMHY 4YeNioBeYEeCKMX XKepTB M TpaBM wnn yuwepba ans
OKpY>KaloLLeN cpeabl, @ TaKXe 3KOHOMUYeckux notepb [1]. CTaHaapTHas npoueaypa ANs ONUCaHWUS U/UnKM pacyeTa
MoCNeACTBUI Ha3blBaeTCs aHaIM30M nocneacTsuii. OYEBMAHO, YTO BENMYMHA NOCAEACTBUIA, KaK NpaBuio, He sSBns-
€Tcs ogHOMepHoMN. OHaKo B OTAENbHbIX C/lydasix OHWM MOryT BblTb YNPOLLEHbI U NPeAcTaBieHbl TOMIbKO HECKONIbKUMM
COCTaB/ISIIOLLMMM, HANPUMEP, KOJIMYECTBOM YHECEHHBIX YENOBEYECKMX XKM3HEW, BEMYMHON ylepba, HaHeCEHHOro
OKPY)KaIOLLEN Cpeae, U BENIMUMHOW pacxodoB. B HacToslwee BpeMsl, Kak MpaBusio, BKJTHOYEHb! pasfiMyHble BUAbI pac-
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xopoB. MpeanonaraeTcs, YTO HeraTUBHbIE NOCNEACTBUSA CObbITUI Eij MoryT 6bITb 06bIYHO Bblpa>Xe€Hbl HECKOJIbKUMU

cocTasndrownMm Cy « r TAE NHAEKC k 0603Ha4aeT oTAenbHble COCTaBnsowme (HaanMep, KOJINYECTBO YHECEHHbIX

)KM3HEl\;1, YMUCNO YENoBEYECKNX TpaBM U ﬂOBpe)K;ElEHMl'/JI, BbIPpa>X€HHbIX B OnpeaeneHHbIX EDMHVILI,aX).

6. OueHka pucka

P1ck — 3TO Mepa 0MacHOCTU, KOTOPYHO MPEACTABNSIOT HEXENaTebHbIE COBLITUS NS YENOBEKA, OKPYXKAtOLWEN cpeapl
WM 3KOHOMMYECKMX LIEHHOCTEN. PUCK, Kak MPaBWio, BbIPaXaeTcsl B BEPOSITHOCTM U MOCNEACTBUSAX HeXenaTeNbHbIX
CobbITUI. OH YacTo BbIUUC/IAETCS MyTEM MaTEMATMYECKON OLEHKM MOCNEACTBUIN HEXeNaTeNbHOro cobbiTus. B TakoM
Cnyyae, OH NpeacTaBnsieT cobol pe3ynbTaT YMHOXKEHUST «BEPOSITHOCTU X MOCNEACTBUN>.

OnHako, 6onee obLlasi TPAKTOBKA pUCKa MPEANoiaraeT BblpaXXeHWe BEPOSTHOCTU UM MOCIEACTBUI HE B BUAE YMHO-
XeHusi. Takas MHTepnpeTaumsl MHOrAa OKa3blBAETCS MOME3HOM, B YACTHOCTM, KOrAa YYMTLIBAETCS CMEKTP mnocnea-
CTBMI, NPV KOTOPOM KaXkaasi BENMUMHA UMEET CBOK COBCTBEHHYIO BEPOSITHOCTb BO3HUKHOBEHUS [2].

OueHKa p1cka — MpoLEecc, UCMOosb3yeMblid A4J1s NMOJTyYEHMS] OLEHKM Mepbl pucka. Kak y)Ke roBopusioCh, OLEHKa pucka
OCHOBaHa Ha OnpeaesieHnM OMacHOCTEN M, KaK MpaBWIO, BKIIOYAET Crieaytowme 3Tanbl: onpeaeneHne obnactv npu-
MEHEHMs, aHann3 MOBTOPSIEMOCTU, aHa/IM3 MOCMEACTBMIA, a TakXke MX coyeTaHust [2]. Mpu 0AHO3HAYHOM COOTBET-

CTBUMN MeXAay nocneacTtesusaMun Cijk” cobbITUAMK Ei/" KOMMOHEHT pUCKa Rkl CBSI3@HHbIN C paccMaTpuBaEeMbIMU

cutyaumsimu H, npepctaensieT co6oit cymmy:
R, =YC,PE, | H,|P{H,} 3)
ij

Ecnu 3aBUCMMOCTb MOCNEACTBUIN OT COBLITUI sBNsSieTC 6onee CNOXHOM, YeM OAHO3HAYHOE COOTBETCTBME, TO Yypas-
HeHue (3) A0MKHO 6biTb M3MeHeHO. MpakTuyeckuii npumMep ypaBHeHus (3) MoxeT 6biTb HalaeH B [10], roe npea-
CTaB/ieHa MonbITKa OLEHUTb PUCK BCIIEACTBME NOCTOSHHOW M pacHeTHOM CUTYaUMW noxapa.

B HeKoTOpbIX Cryyasix MOXHO MMETb AEN0 TONbKO C OAHOKOMMOHEHTHbIM puUckoM R. Toraa uHAeKC k B ypaBHeHUU
(2.3) MoxeT 6bITb OnyLLeH. KpoMe TOro, BEPOSTHOCTb HEXeNaTeNbHbIX CODbITUIA MOXET 3aBUCETb OT BEKTOPA OCHOB-
HbIX NepeMeHHbIX X. Toraa o6wmii puck R MoxeT 6biTb hopMasnibHO 3amnucaHa creayowmM obpasom:

R= jC(x)fX (x)dx )

rae R (x) 0603HaYaeT CTerneHb prcka B 3aBUCMMOCTM OT OCHOBHbIX nepeMenHbix X u fy (X) o6osauaer coBmect-
HYI0 BEPOSITHOCTb (hYHKLMIO MIOTHOCTY X.

7. lornyeckune aepeBbs
Habop apyrux nornyeckmx AaHHbIX AepeBbsi (pelleHunid) (4epeBO HeucnpaBHOCTEN, AepeBO CObbITUM, rpadumk npu-
UuH/cneacTeuin) 6biny pa3paboTaHbl ANl aHanusa puckoB cucteMbl ¢ [11] no [13]. MpuMeHeHWe norvyeckmx AepeBb-
€B 3HaYMTENbHO AOMOSHAET U MPOSICHAET TeXHUYecKyto paboTy. Mcnonb3oBaHWe 3TOro MHCTPYMEHTa LUMPOKO pac-
NPOCTPaHEHO B aHanu3e pucka n UMeeT psj BaXKHbIX NpenMyLlecTs. PaKTopbl, BMSIOWME HA OKPYXatoLLyto cpeay,
[eATeNnbHOCTb YenioBeka MOryT JIerko paccMaTpuBaTbCs OAHOBPEMEHHO. Jlornyeckme AepeBbsi MOMyT TakKe BKJIHO-
yaTb obHapyxeHue Hambonee apheKTUBHBIX KOHTpMEP. KpoMe Toro, OHM MOryT 6biTb MOHATHLI ftoasM 6e3 cneum-
arnbHOro onbiTa U, crefoBaTenbHO, MoryT obecrneunBaTh 3chheKTUBHOE B3aUMOAENCTBUE MeXY SKCNepTaMu M opra-
HaMW BNacTu.
[JepeBo 0Tka30B MOXET 6bITb OMNpeseneHo Kak flormyeckasl cxema, otobpaxatrolasi KoMGMHaUMKU BO3AENCTBUI, KOTO-
pble MOryT MPUBECTU K HexenaTesnbHOMy cobbiTuio. MNpu co3aaHnM AepeBa OTKa30B HexenaTenbHoe cobbiTve npea-
CTaBnsieT coboi OTMpaBHYIO TOuKy. Mcxoas U3 3TOro CobbITHS, BbISIBASIOTCS BO3MOXHbIE MPUYMHLI. BO3MOXHbIE Npu-
UMHBI U MOCNEACTBUSI AOMKHBI ObiTh IOrMYECckU CBsi3aHbl 6e3 BBeAeHUs! Kakux-nMbo 3aMKHYThIX Lenel. Kaxpaoe co-
6bITVE, KOTOPOE HEe ABMSIETCS CNEACTBMEM MpeabiayLLero cobbITus, CreayeT paccMaTpuBaTh B KauecTBe He3aBUCUMOMN
nepemMeHHoM.
MpuMep aepeBa 0TKa30B, MPeACTaBMEHHbIN Ha PUCYHKe 3, OMUCLIBAET 0BpYyLUEHME MIOCKON KOHCTPYKLUMM (MoKa3aH-
HOW B HUXKHEN YacTu pucyHka 3).
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PucyHok 3. [lepeBo 0TKa30B, ONUChIBatoLLee 06pYLLIEHNE MIOCKOM KOHCTPYKLUMM.

[lepeBbs 0TKa30B MOTYT MUCMO/b30BaThCsA ANS BbIIBEHUS NMPUUNH CEOEB, B C/TyYasX KOrAa OHWU HEU3BECTHBI.

OnHako Haubonee pacnpoCTpaHEHHLIM MPUMEHEHWEM SIBSIETCS BbISIBIEHME BO3MOXHbIX MPUUMH HEXENATENbHbIX
CO6bITHWIA, NpeXae YeM OHW MOTYT NPOU30OWATK. MOCKOMbKY AEPEBbS OTKA30B TakXKe MOKa3biBalOT BO3MOXHbIE Nocnes-
CTBYUSI COBbITWIA, OHW OYEHb NOJE3HbI ANS CO3AaHMS Hanbonee TOYHbIX Mep Mo NPeAoTBPALLEHMIO 3TUX COBLITUA.
[JepeBo cobbiTuii onpeaenseT BO3MOXHbIE NOC/edytolMe COBbITUS, HauMHas C UCXOAHOMO cobbiTvs. Kaxabli MyTb
COCTOMT W3 MOCNeAO0BaTENbLHOCTU COBLITUIA M 3aKaHUMBAETCA Ha YpPOBHE CneAcTBue (HampuMmep, mpu CTPYKTYpHOM
HEAOCTAaTOYHOCTU, PUCYHOK 4). Llenb aHanmsa aAepeBa CobbITUI 3aK/I0UYAETCs B BbISIB/IEHUM BO3MOXHbIX MOCNEACTBUI
HaYanbHOro CO6bLITUSI U BbIYUCIIEHWUIM BO3MOXXHOCTU BO3HWMKHOBEHWSI 3TWUX MOCIEACTBUI, COOTBETCTBYIOLMX PA3HOM
nocneaoBaTeNbHOCTU COBLITHIN.

MpocTble NpuUMepsl AepeBa COBLITUI, ONUCHIBAIOLLME O6pYLLIEHUE KOHCTPYKLUMM B Cllydae MOCTOSIHHOMN U (CyYaiiHoM)
pacyeTHON CUTyauuu Mnoxapa, NpuBeAeHbl HAa pUCYHKe 4. BeposTHOCTM, MOKasaHHbIE Ha PUCYHKE 4, UMELOT UMto-
CTpaTMBHbIE 3HaueHus (NpUBIM3UTENBHO COOTBETCTBYIOT 50-eTHeMy nepvody aAMUHUCTPATMBHOMO 3AaHWS C Mo-
Lia/AbIO NOXapHOro oTceka, paBHOM 250 M2, 3aLLMLLEHHOI CTanbHOI KOHCTPYKLel, 6e3 CNpUHKIepoB).
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Fire starts  Fire flashover Collapse Frequency per 50 years
Yes 0.00005
0.01
Yes
0.05 N
- ° 0.00495
Yes 0.99
0.1 Yes 0.00000095
0.00001
No
0.95
No 0.09499905
0.99999
Design situation
Yes 0.000009
No 0.00001
0.9
No 0.899991
0.99999
Bo3ropaHue
MonHoe pa3BuTHe noxapa
O6pyLwieHue

YacrtoTa Bo3HMKHOBeHus B 50 roa
CuTyaums NnpoeKTUpoBaHUs

Aa

Het

PucyHok 4. lepeBo cobbiTUi1, onucbiBatoLLee paspyLUeHne KOHCTPYKLMK B Cllyyae NMOCTOSIHHOW pacyeTHOMN CUTyauum

W pacyeTHOM cuTyauuu noxapa (Bce AaHHble NpUbAn3NTenbHO CBA3aHbl C 50-1eTHUM CPOKOM CNyX6bl aAMUHKCTPa-

TMBHOTO 3AaHMs C MIOWAABIO NOXAPHOro OTCeka, cocTanstowelt 250 M, He 060pyA0BaHHOE CMIPUHKIEPAMU U UMe-
foLLee 3aLUMUTHYIO CTaslbHYI0 KOHCTPYKUMIO).

JNorvnueckune fepeBbs MOTYT 6bITb AOMONHEHBI NMOCNEACTBUSMU COBBLITUIA; rpacunyeckoe oTobpaXkeHWe Takoro Lepesa
Ha3blBaeTcs

KapToW MPUYMH M NOCNeACTBUN. KapTa NOCneacTBUMIA COOTBETCTBYET AEPEBY COBBLITWI C MOAXOASILMM OTO6paXeHu-
€M OXXMIAeMbIX NMocieacTBuin. 1S NpUMepa pUCYHOK 4 MOXET BKJIlOYaTb MOC/EACTBUS, CBS3aHHbIE C KAaXAOW BEPO-
ATHOCTbIO (YacToTa B rofl) paspyLueHMst KOHCTPYKLMM MPU 3aAaHHbIX YCOBKSIX. Toraa AepeBO MOXET BbiTb MCMOSb-
30BaHO A9 aHanM3a NpuYMH/MOCIeACTBUIA UK PUCKOB (MONE3HOCTY).

MpocTelilei GpopMoit paccMOTPEHMSI MPUYNHHO-CNEACTBEHHBIX CBA3EN SBMSAETCS TakK Ha3blBaeMbI NpeaBapuUTENbHbIN
aHanu3 pucka (MonesHoCcTH), Koraa OCHOBHAs CTAaTUCTMYECKasl U BEPOSITHOCTHAs MHGOPMaLMSt IOCTYMHA A0 MpUHS-
TUSI KaKOro-nbo peLLeHUs UK COBEPLUEHUS KaKoro-nmbo AeicTeus. MpeaBapuTenbHblii aHanvs npeacTaBnseT co-
60l OLEHKY pUCKa, CBS3AHHOTO C Pas/iMUYHbIMK PELIEHMAMM, KaK NPaBWIIO, UCMOb3YEMYIO ANS CPABHEHWS PUCKOB C
COOTBETCTBYIOLUMMM PasIMYHBIMU PELLEHMAMW. AHANIM3 C MOC/IEAYIOLMM PELLEHWEM OT/IMYAETCS OT aHanu3a C npea-
LUECTBYIOLIMM pELLEHMEM CMOCO60M PacCMOTPEHMSI BO3MOXHBIX M3MEHEHWUI B Pa3BETBJIEHHbIX BEPOSITHOCTSX W/WUn
NOCNEeACTBWI BCNEACTBUE MEP MO CHKEHMIO PUCKA, MEP CMSIFYEHWsI pUcka M cbopa AOMOMHWUTENbHONW MHbOopMaLWM.
AHanus 3agHss pelueHre MOXeT BbiTb UCMOMb30BAHO AN OLUEHKM PasnMYHbIX JOMONHUTENbHBIX MeponpusTUin, BIK-
AOLMUX Ha OBLLUMIA PUCK.

[lpyroe BaXHOE M3MEHEHME NOrMYECKUX AEPEBLEB U3BECTEH Kak NMpeaBapuTeNbHO 3aAHEN aHanusa pelleHuit. Llenb
aHanusa npeaBapuTENbHO 3afHsis MPUHSATUS SBNSIETCA ONpeaAeneHVe ONTUMasbHBIX PELUEHWI B OTHOWEHWW Aes-
TENbHOCTW, KOTOpasi MOXET 6biTb BbIMOJIHEHA B 6yAyLIEM, HAaNpUMep, NIaHUPOBAHWUE CHYDKEHUSI PUCKOB AESTENbHO-
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CTM 1 / nnn cbopa HoBOW MHDOPMaLIMKU. BaxkHoW NpeanockKon Ans NpeABapUTENbHOrO 3aAHEN aHanM3a peLleHni
ABNSIETCS PACCMOTPEHME ByayLmnx AeNCTBUIA, KOTOPblE MOTYT 6biTb NMPUMEHEHBI C YYETOM PE3Y/bTaTOB MiaHUPYEMbIX
MEPONPUATUIA.

8. baliecoBcKas ceTb

EIJ.I,e OAHUM NEPCNEKTUBHBbIM MHCTPYMEHTOM AN1d aHa/In3a PUCKOB ABNAAIOTCA 6aiecoBckue NMPUYNHHO-CNEACTBEHHbIE
cetu (cetn posepusi) [13,14]. MpocToit NpUMep NPUYMHHO-CNIEACTBEHHOW CETU MoKasaH Ha pucyHke 5. CeTb, coaep-
Xallaa TONMbKO LWaHC U3 YETbIPEX Y3/10B OMUCbIBAET pa3pylleHne KOHCTPYKUUW BCneacTtene I'IOCTOHHHOI‘/II paCHETHOVI
CUTYaLMKN M PaAcYeTHOWN CUTyaLMM Moxkapa aHaNorMyHo TOMY, KaK AEepeBO CO6bITUIA Ha pUCyHKe 4. Mo cpaBHEHUIO C
[lepeBOM COBbITUI, NMoKa3aHHbIX Ha PUCYHKe 4 CETU Ha pUCYHKe 5 Takxxe BkodaeT addekT opocutenen (ysen B).
O6paTVITe BHUMaHWE, YTO KHOMKWU CO CTPEJSIKaMU Ha PUCYHKE 5 NOKa3blBaloT, NMPUYNHHO-CNEACTBEHHbIE CBA3N MeXAy
B3daMMOCBA3aHHbIX CﬂyqaﬁHbIX Y3/10B.

B - Sprinkler

A-Situation

CnpuHknep
MonHoe Bo3ropaHue
Cutyauus
O6pyweHune

PUCYHOK 5. NpUUMHHAs CETb OMUCAHMSA paspyLLEHNE KOHCTPYKLMW BCIEACTBME MOCTOSHHOM pacyeTHOW CUTYaLmm 1
pacYeTHOW CUTyaLmu noxapa.

O6pyLUeHMe KOHCTPYKLMM 33aBUCUT OT BEPOSITHOCTU BO3HWUKHOBEHMS MOCTOSIHHOM CUTYauuu WM CUTyauuu noxapa, a
TakXe YCNOBHbIX BEPOSITHOCTEN MOJIHOMO PasBUTMS MoXapa, KOTOpble 3aBUCAT OT paboyer Cusibl CMPUHKIEPOB U
YCNOBHOW BEPOSITHOCTM OBPYLLEHWUS] KOHCTPYKLMM B YC/IOBUSIX, 3a@HHbIX POAMTENLCKUMM y3namu (HanpuMmep, Koraa
noXxap NOSHOCTbIO Pa3BUCA — Ha CTaAuM MOJHOMO PasBUTUS MOXapa Mocsie BCMbiwky). OYEBUAHO, YTO MPUUYMHHO-
CNneacTBeHHas CeTb KaXeTcsl ropasao 6onee adekTUBHON, YeM BEPCUS AepeBa COBLITUIA.

Kpome Toro, Kaapli y3e/n MOXET MMeTb HECKOSIbKO COCTOsiHWMIA. CrenoBaTenbHO, BXOAHblE AaHHble HE YKasaHbl
HEMOCPEACTBEHHO B rpachMueckoM NpeacTaBeHUN CETH, HO NPUBEAEHbI B TabMLAX YCIIOBHBIX BEPOSITHOCTEN.
OCHOBHOW MPUHLMM pacyeTa BEPOSTHOCTEN UCMONb3yeTcs B 6alieCOBCKMUX CETAX MOXHO MPOUMMIOCTPUPOBaTL C yye-
TOM y3nbl A, B 1 D ceTv Ha pucyHke 5. OauH aodepHuii yen D (OroHb NepekpbiTUS) 3aBUCUT OT ABYX POAUTENbCKUX

y3noB: (MpoekTHble cuTyaumumn) u B (cnpuHknepsl). Ecim yanbl poantenelt A u B UMeIOT ANCKPETHBIE COCTOSHMS
A4; Bj , TO BEPOSTHOCTb cobbiTist [, (onpeaeneHHoe cocTosiHe y3na D) faeTcs cneaytolueii hopmynoi:

P(D,) =Y P(D,|4,B,)P(4,)P(B,) (5)

YpaBHeHue (5) npeactaBnseT cobol (yHAAMEHTANbHYIO TEOPETUYECKYIO MHCTPYMEHT ANA aHanu3a 6allecoBcKou
ceTu. BxoHble AaHHble cocTosT u3 BepostHocTeli P(A4,) u P(B)), a ycnosHble BeposTHoCTH P(Dk|Ai B,).3m

O6LUMPHbIE Aa@HHbIE OCHOBaHbl HA MMEIOLMXCA CTAaTUCTUYECKUX AaHHbIX, BEPOSTHOCTHOIO aHasv3a Wau 3KCnepTu3bl
(peLueHne) 1 Npo3paydHo NpeacTaBeHbl B Tabnnuax yCIoBHbIX BEPOSITHOCTEN.

BaliecoBcKMX ceTell AOMONHEHHbIE PELIEHWUS U KOMMYyHasbHbIX Y3/ibl, Ha3blBaeMble BAMSIHUS cxeMbl [13,14] obecne-
YMBAIOT MOLLHBIN MHCTPYMEHT ANS OLEHKM pucka. Ha caMoM aene cxeMa BnAusiHue o6o06lueHne MpuurHa / nocnes-
cTBue-rpadpmka roopusiocb Bbiwe. OCHOBHble OCOBEHHOCTM 3TOr0 WMHCTPYMEHTa MOXHO MpOWSIIIOCTPMPOBATL Ha
npuMepe, NMokasaHHOM Ha PUCYHKe 6, KOTOPbI SABNSETCA MPOAO/IHKEHNEM OCHOBHOWM 3aau, YKa3aHHOW Ha pUCYHKe
5. Ha pucyHke 6 npeacTaBneHa ynpoLLeHHas CxeMa BNMsiHUS, pa3paboTaHHas HeaaBHo [15,16], ans aHanu3a pucka
3[4aHWUIA B NOCTOSIHHOM pacyeTHOM CUTYaUMK U pacyYeTHOW CUTyaumu noxapa.

CeTb COCTOMT U3 CEMM CJTyYaliHbIX Y3/10B, NMPOHYMepoBaHHbIX 1, 2, 3, 4, 5, 12 u 14, yeTblpe pelueHus y3noB 6, 7, 15
M 16, a TakXe WeCTb KOMMYyHasbHbIX y310B 8, 9, 10, 11, 13 1 17. py30onaccaxmpckuii y3nbl NpeacTaBnsioT coboi
3aTpaThbl pa3fiMyHbLIX Mep noxapHoi 6e3onacHocTi (y3nos 8, 10, 17), noBpexaeHust 3aaHus (y3nbl 9, 11) u TpaBm
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(y3en 13).

HanpaBneHHble CTpenku, ykasbliBalowme NPUYNMHHO-CNIEACTBEHHBLIE CBSI3U MeXAYy POAMTENEM U AETbMM Y3/bl COeau-
HATb LUAHC, MPUHATMS U KOMMYyHaJbHbIX Y3/10B. Bce NpUUMHHO-CNeACTBEHHbIE CBS3M AOMKHbI BbITb ONMCaHbI C MOMO-
L0 COOTBETCTBYIOLUMX BXOAHBIX AaHHbIX (YCNOBHbIX BEPOSTHOCTEN WM 3HEProbioKKn), CBSI3aHHbIX C npearionarae-
MbIX COCTOSIHMI y3110B. Hanpumep yTunnTa y3nbl (KPOMe Mose3HoW y3na 13) HaxoasdTcs B NpsiIMOW 3aBUCUMOCTU OT
pasmepa 3daHusa (15) y3na. MonesHocTb y3na 13, onucbiBatowee CTOMMOCTb TPaBMbl, 3aBUCUT OT pasMepa 34aHus
yepes yncna nu, HaxoasWmMXCs noA Yrpo3oi, NpeacTaBNeHHbIX ClydYalHoro ysna 14. 3TW AaHHble MHorda TPYAHO
onpeaennTb, U 3KCnepTu13a YacTto byaeTt yacTo.

1-Situation

</T\

6-Sprinklers 2-Sprinklers \

2 3 Flashm'er

P

N

4-Protecti 5 ; f
ction .‘ -Collapse _f’*’”’

—\y '

15-Size 3 12-Smoke

7-Protection

4| 16-Escape 1. @ @
CnpuvHkiepbl
Cutyaums
MonHoe Bo3ropaHune
MpoTuBonoXxapHas 3awuTa
O6pyweHune
Pa3mep
3aabiMNieHue
DBaKyaUMOHHbI! BbIX0A I.
Konunuecrtso

PucyHok 6. BaitecoBckast CE€Tb, ONMCbIBaloLLasd KOHCTPYKLUMIO B HOPMalibHbIX YCNIOBUAX U B YCNOBUAX NOXapa.

WaHc y3nbl 1, 2, 3, 4, 5, 12 n 14 npeactaBnsoT coboi anbTepHATUBHbIE CyYaiiHbIX BEIMUYMH, UMEIOLLMX ABa WU
6onee rocyapcTs. Y3en 1-nosoXxeHne onucbiBaeT BEPOSTHOCTb NoXapa Havana PFI, S = P (H2) v gononHuTenbHo
BEPOSITHOCTbIO 1- pn, € HOpMasnbHOW cuTyauun H1. LaHc y3en 2-Opocutenn onucbiBaeT yHKLMOHMPOBaHME OpOCK-
Teneit Npu ycnoBum, YTo pelueHue (y3en 6) nosioXXUTeNTbHO; BEPOSITHOCTb aKTMBHOMO COCTOSIHUSI CMIPUHKIIEPOB AaH-
HbIX O Hayasne noxapa, Kak npeanonaraercs, 6yaeT oYeHb BbICOKOW, Hanpumep 0999. LLaHc y3en 3-Flashover nmeet
[Ba COCTOSIHMS: AM3aiiH cuTyaumst H3 (oroHb Au3aliH cuTyaumns 6e3 nepekpbiTvsi) u H4 (an3aiiH noxapHas cuTyaums
C NepeKpbITUSA, KOraa OroHb NMOMHOCTBLIO pa3paboTaH).

Koraa cnpuHKIepbl YCTAHOB/EHbI, NEPEKpbITUS B oTCceke 250 M2 UMEET MOMOXUTENBHOE COCTOSIHME C YC/IOBHOM Be-
positHoctn 0,002; ecnn pasbpbisrnBatenn He yctaHosneH, To P {H4 | H2} = 0066 [15,16]. MNpeanonaraeTcs, 4to C
BEPOSITHOCTSIMW, PaBHLIMU KBapaTaMu BbILE 3HAYEHWUI OFOHb ByAEeT MUraTb B TEYEHWE BCErO 34aHMs, TakuMm obpa-
30M, 3HaveHns 0,000004 n 0,0044 cumTaloTcs 3a BOIMOXHOCTb Y3na 3. LWaHC y3na 4-Protection (BBeaeH ana oduum-
aNbHbIX BbIYMCAUTENBHBIX NMPUYMHAM) UMEET OAMHAKOBbLIE COCTOSIHMS, TakK Kak pelleHue y3na 7-3awmTel. LWaHc y3en
5-Collapse npeacTtaBnsieT coboi paspylueHMe KOHCTPYKLMM, ONMMCAHHOW pacrpefesieHneM BepOSiTHOCTEN CBsi3aH C
Tpemsi aetbMu y3noB (1,3,4). OTa cuTyaums BpsA M MOXKET BbiTb CMOAENMPOBaHa C MOMOLLbIO AepeBa PELLEHUN.
CnepyeT OTMETUTb, UYTO BEPOATHOCTbL pacnafa B C/y4Yae rnoxxapa, HO He nepekpbiTue MOXeT ObiTb MeHblle, YeM B
MOCTOSIHHOW CUTYyaumu, u3-3a 6onee HU3KOWM NPUNOXEHHOW HarpysKku.

9. MpuHATHe pelueHnii
MpUHATUSA peLLeHunid, kak NpaBuno, OCHOBaHbl Ha MpoLecce MPUHSTUS pUCka U aHanu3a anbTepHaTus (CcM puc 1),
KOTOPbI MHOr@ Ha3blBalOT OLIEHKON pucka. MpUHSTUE pUCKa HA OCHOBE Pas/iMYHbIX KPUTEPUEB PUCKA, SIBNAIOTCS
OpUEHTUPAMK, NO KOTOPbIM pe3yNbTaTbl aHa/M3a PUCKa AO/DKHbI 6bITb OLIE€HEHDI. KpVITepVIVI, KaK npaBuio, Ha OCHOBE
pernamMeHToB, CTaHAapTOB, OnbiTa U / NN TEOPETUYHECKUX 3HaHMl71, UCNONb3yEMbIX B Ka4eCTBE OCHOBbI ANA peLlleHnsa
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O NpuemMnemMoM pucke. Kputepum npueMneMocTv U Kputepum pucka MOXeT 6biTb nHorga otnmyaetcs [1]. PasnuuHble
acneKTbl MOryT 6bITb PacCMOTPEHbI, B TOM YUC/E KYSIbTYPHbIE, COLMANbHbIE, MCUXONOrMYECKUE, SKOHOMUYHBIN U ApY-
roi acnekt [6], [17], [18] u [19]. Kak npaBuno, KpUTEPUM NPUEMIEMOCTU MOXET BbITb BbIpaXXEHO B YCTHOWM chopMe
nnu umdposoii dopme [6].

Ecnv npeanonoxuTb, Hanpumep, YTo nNpuHaTHe orpaHunumeaeT Ck, d ang CK KOMMOHEHTbI yKa3aHbl, TO MOXHO Crpo-
€KTMPOBaTb CTPYKTYpPYy Ha OCHOBE MpueMneMbiX PUCKOB C ucnonb3oBaHueM kputepus Ck <Ck, D, koTtopble MoryT
pononHuTb TpebosaHue BeposTHOCcTb Nd <PT.

CnepyeT OTMETUTb, YTO PasfMYHbLIE YPOBHW pUCKa MOMyT 6bITb NMPU3HaHbI, HaNpuUMep, NPUEMEMbIM PUCKOM, NPUEM-
NEMbIM PUCKOM M 06 BEKTUBHBIN PUCK [6] (CM onpeaeneHns TEpMUHOB AuccepTaumin B [2]).

370 3aMeyaTenbHbIi (haKT, YTo Ny6sMKa, KaXeTcs, BOOOLLE Nyylle roToBbl MPUHSATL OnpeaeneHHble PUCKK, YeM ban-
NOTMPOBATLCS Ha YKa3aHHbIX BEPOSITHOCTEN HepocTaTouHocTH [17].

10. Npepnonaraemas CTOMMOCTb NpeaoTBpalLLEeHUSs CMEPTHOCTHU

MocneacTena MOryT, Kak NpaBWiio, BKIOYaTh B cebsl IKOHOMUYECKME, @ Takxe coumasibHble W 3KOMormyeckme ms-
naepxkn [17,18,19]. MpuMepoM MOXET CAYXWUTb BSIMSHUEM CXEME, MOKA3aHHOM Ha PUCYHKE 6 WMCMONb3yeTcs ans
OLEHKN pUCKa 3A4aHuM B pe3ynbTaTe noxapa. TakuMm obpa3oM, Ans Toro, Ytobbl CpaBHUTb BCE BO3MOXHbIE Nocnea-
CTBUS HeobxoamnMo, UTObbI BbIPa3nTb BCe NOCNEACTBUS B MiaHe eanHoro 61oKa. 3To, KaXeTcs, OveHb TpyaHas 3aja-
Ya. OaMH M3 BO3MOXHbIX NMOAXOLOB MpeACTaBfeHa B KOHUeENUUM nogpasymeBaemolt CToMMOCTb MpeaoTBpallieHne
nHaekc Fatality ICAF unu kauectso xum3Hn LQI [19]. Tabnuua 1 nokasbiBaeT 3HayeHust ctommoctn ICAF ans otaens-
HbIX CTPaH, NpuHATLIX M3 [19]. Moxoxe, 4yto ctommocTb ICAF MOXeT 6bITb OLeHeHa NpUMepHo oT 1 A0 3 MUAIMOHOB
aonnapos CLUA.

Tabnuua 1. Npegnonaraemele CtommocTtb MNpeaoTBpalleHne cmeptensHoro ucxoaa - ICAF (E),, ®uHaHcoBbIE AaHHble
B nony4yeHHon n3 OOH-HDR 2001, BcemupHbIi 6aHk CLUA no MNC $ (1999).

CrpaHa €- CpoK
g- ropo- cny»6bi 2 w- ICAF(Ae)
BOii AoX0A pa6ouas [x 106]
yactb e

CLUA 34000 77 0.15 2.6

sinoHus 26000 81 0.15 2.1

FepmaHua 25000 77 0.125 1.9

Benuko6putaHusa 22000 77 0.125 1.7

Yewcrkan pecny6- 8000 75 0.15 0.6
nuka

Mekcuka 8800 72 0.15 0.6

HOAP 9100 55 0.15 0.5

Konymb6us 5900 70 0.15 0.4

KuTtai 3900 70 0.15 0.3

UHaus 2400 63 0.15 0.1

Hurepus 800 47 0.18 0.04

MoapasymeBaemast CtoumocTb MpegoTepalleHms cmepTenbHoro ncxoaa (ICAF) moxeT 6biTb BbipaXkeHa B BUAE:
Ae ) w
ICAF(Ae)=g| 1—| 1+— Ae (6)
e

rae CMMBOSbI g, € U w onpeaeneHsl B Tabnuue 1. OaHako, KoHUenums nogpasymesaemoii CToumocTb MNpenoTepalue-
HME CMepTeNbHOrO UCXOAA, OMMUCHIBAEMON YpaBHEHWEM (6) ABMAETCA ML OAHWM M3 BO3MOXHbIX MOAXOA0B K KOM-
NMeKCHOM NpobnieMe OLEHKM CoLManbHbIX MOCNEACTBUIA. B HacTosllee AanbHENLEero MHTEHCMBHOMO pacc/iefoBaHus
HEe 0XXMaaeTCs.

11. 3aknoueHume
Puck 06blyHO OLUEeHMBaAEeTCd N0 MaTeMaTU4eCKUM OXXnaaHunem I'IOCJ1€L|,CI'BVII7I HeXenaTtenbHOro COﬁbITVIﬂ, KOTOpblE 4a-
CTO MPUBOAAT K NPOAYKLUUM «BEPOATHOCTb X MOCNieAcTBuiA". Kak npaBu/I0 pUCK CUCTEM MPaXKAaHCKUX MHXXEHEPHbIX
npeacTaBndeT cobom MHOIMOMEpPHYIO BENNYMNHA, UMEIOLLasa HECKOJIbKO KOMIMOHEHTOB.

AHanu3 puckoB Ha OCHOBe M,Cl,eHTVI(bMKaLI,MVI onacHocTe U 0bbluHO COAEPXUT cneayrwme atanbl: onpeaeneHme 06-
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nacTv BUAMMOCTU, MAEHTU(MUKALMIO OMAcHOCTEN, omnpeaeneHne U MOAEMPOBaHME CLEHApUEB OMAcHOCTW, OLIEHKM
BEPOSITHOCTEN, OLIEHKM NMOCNEACTBUI, OLEHKN PUCKA U NPUHATUS PELLEHNI.

Hanbonee BaxxHbIM BKIaA B aHa/M3 PUCKOB U OLIEHKM COCTOUT B CUCTEMATUUYECKOM PACCMOTPEHWUM PasfiNyHbIX Mo-
CneacTBuiA. HekoTopble METOAbl AOCTYMHbLI B HACTOSLLEE BPEMS: CXEMbl MPUHATUS pelleHuid, 6allecoBckue ceTu Ao-
BEPUSI M BIUSHWS CXeMbl. MMeIOLMIACS OMbIT MoKasbiBaeT, YTo 6aileCoBCKME AOBEPUTENbHbIE CETU 0BecrneumBaioT
npo3payHoe, nornyeckne 1 adPEeKTUBHBIA UHCTPYMEHT [MS aHanM3a MHXeHepHbIX cucteM. Cneayert, oaHako, nog-
YepKHYTb, YTO NI060IN aHanU3 TEXHUYECKOW CUCTEMbI BCErfa 3aBUCUT OT MPUHATLIX UCXOAHBIX A@HHBIX, YacTO OYeHb
HeonpeaeneHHoN Npupoabl. BxoaHble AaHHbIE AOMKHbLI 6biTh OLIEHEHbI C YUETOM KOHKPETHbIX TEXHOMOrMUYECKMX W
3KOHOMMYECKMX YCIOBUM AAHHOW CMCTEMbl. B 4acTHOCTM, 3KOHOMMYECKME, couManbHble W 3KOMOTMYECKUe Mocnea-
CTBUSI HEGMAronpUsATHLIX COBbITUI TPeGYET AaNbHENLLIETO U3YYEHMS.

Moxoxe, YTO METOAbl aHaNIM3a U OLEHKN PUCKOB MOrYT 3HAUMTENbHO CMOCO6CTBOBATL Aa/bHENMILEMY COBEPLUEHCTBO-
BaHUIO AEWCTBYIOLEr0 MHXXEHEPHOMO MPOEKTUPOBaHMS. MpuMeYaTenbHo, YTO OBLECTBEHHOCTb Nydlle MOAroToBse-
Hbl, 4YTOBbl MPUHSATL OMpEAENieHHblE PUCKKU, YeM 6anioTMpOBaTbCS Ha YKa3aHHbIX BEPOSITHOCTEM OTKasa caenaeT
NpUMEHEHNE OLIEHKM PUCKOB nerdye. CneaoBaTenbHO, 0XXMAAETCS, UTO B 6imKalillee BpeMsl BEPOSITHOCTHbIX METO0B
B 0611aCTV NPOEKTMPOBAHMS ByAyT AOMNOJSIHEHbI KPUTEPUM MPUEMIEMOTO PUCKa.
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w — paboyas yactb e
g(x) — dyHkumsa acdekTUBHOCTH (NpeaenbHOro COCTOSHMS)
P — BEPOATHOCTb paspyllueHns F

P4 — UeneBasi BEpOSTHOCTb paspyLUeHms
p; — BepositHocte P(F'/ H ) paspyLueHnsi KOHCTPyKLvM Mpu noxape
Dy — BEPOSTHOCTb BO3HMKHOBEHMs noxapa P(H )

X — obLias Touka BEKTOPA OCHOBHbIX NEPEMEHHbIX
X — BEKTOp OCHOBHbIX MepeMeHHbIX

[ — nokasatenb HageXHoOCTH
@, (X) — dyHKUMS NIOTHOCTM BEPOSITHOCTU BEKTOPA OCHOBHBIX MEPEMEHHBIX X.

-1 . . .
@, (pr) — dyHKumMs 06paTHOrO pacripeeneHmns CTaHAAPTU30BAHHON HOPMAsLHOM MEpPEMEHHOM.
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NMPUNOXXEHUE A. OCHOBHbIE CTATUCTUYECKMUE NMOHATUA N METOAbI

Milan Holicky

Klokner Institute, Czech Technical University in Prague, Czech Republic

Summary

Elementary concepts and techniques of the theory of probability and mathematical
statistics required for understanding of basic reliability methods are reviewed and illustrated
by a number of numerical examples. Computational procedures for determination of sample
characteristics, fractiles of common theoretical models and estimates for fractiles based on
small samples can be applied using the attached MATHCAD sheets.

1 INTRODUCTION

1.1 Background materials

Elementary concepts and techmigques of the theory of probability and mathematical
statistics applicable to civil engineering are available in a number of standards [1 to 5],
background materials [6, 7, 8], seftware products [9, 10, 11] and books [12 to 24]. Additional
information may be found in the extensive literature listed in the books [12. 13] and others. In
particular, documents developed by JCSS [6. 7] and recently published handbook [8] are
closely related to the statistical techniques described in this text.

1.2 General principles

The theery of structural reliability is based on a general principle that all the basic
variables are considered as random variables having appropriate type of probability
distribution. Different types of distributions should be used for description of actions, material
properties and geometric data. Prior theoretical models of basic variables and procedures for
probabilistic analysis are indicated in JCSS documents. Sample characteristics are used as
estimates of pepulation parameters. In addition the population fractiles must be often assessed
using small samples. MATHCAD sheets that supplement described computational procedures
can be effectively used in practical applications.

2 POPULATION AND SAMPLES

11  General

Actions, mechanical properties and geometric data are generally described by random
variables (mainly by coatinucus variables). A random variable X, (e.g. concrete strength), is
such a variable, which may take each of the values of a specified set of values (e.g. any value
from a given interval). with a known or estimated probability. As a rule, only a limited
number of observations, constifuting a random sample x1, x2, X3,.... Xy of size n taken from a
population, is available for a variable X. Population 15 a general statistical term used for the
totality of units under consideration. e.g. for all concrete produced under specified conditions
within a certain peried of time. The aim of statistical methods is to make decisions concerning

Al
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the properties of the population uwsing the information derived from one or more random
samples.

2.2 Sample characteristics

A sample characteristic 1s a quantity vsed to describe the basic properties of a sample.
The three basic sample charactenistics, which are most commonly used in practical
applications, are:

- the mean m representiug the basic measure of central tendency;

- the variance 5~ describing the basic measure of dispersion: and

- the coefficient of skewness o giving the basic measure of asymmetry.

The sample mean m (an estimate of the population mean) is defined as the sum

m=(Zx)/n (2.1)
with the summation being extended over all the n values of x;.

The sample variance 5 (an estimate of the population variance), is defined as:
$=(E (x-m))/ (n-1) 22
the summation being again extended over all values x;. Sample standard deviation 5 is the
positive square root of the variance s°.

The sample coefficient of skewness @ (an estimate of the population skewness)
characterising asymmetry of the distribution is defined as
o=[n(E (x-mP)/ (n1)/ (-] / 5 (23)
Thus, the coefficient of skewness is derived from the central moment of order 3
divided by £ If the sample has more distant values to the right from the mean than to the left,
the distribution is said to be skewed to the right or to have a positive skewness. If the reverse
is true, it is said to be skewed to the left or to have a negative skewness.
In some cases two different samples may be taken from one population and their
combination is needed. If the original data are not available, then the characteristics of
combined sample may be determined vsing the characteristics of both samples. If the sample

sizes are M), M2, the means my, ma, standard deviations 51, 57 and skewnesses o, cn, then the
combined sample of the size n = nj+n; has the characteristics

My + Ny
m = T T ey
n
1 2
s WS FN.5, MR, N
e e B e O 2.4)
n n

”15591 + ”:513*’9: + 3nyn, (my —mz)(sf - 5;) s (ny — mg ) (my — my :'j 1
: _

o= L_

5 L n n n ]

Ancther important characteristic describing the relative dispersion of a sample 15 the
coefficient of variation v, defined as the ratio of standard deviation s to the mean m

v=5/m (2.5)

The coefficient of variation v can be effectively used only if the mean m differs from
zero. When the mean is much less than the standard deviation, then the standard deviation
rather then the coefficient of variation should be considered as a measure of the dispersion.
The coefficient of variation v is often used as a measure of production quality; for concrete
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strength may be expected within a broad range from 0,05 up te 0,20, for structural steel from
0,07 to 0.10.

1.3  Distribution function

Probability distribution 15 a term generally used for any function giving the probability
that a variable X belongs to a given set of values. The basic theoretical models used to
describe the probability distribution of a random variable may be obtained from a random
sample by increasing the sample size or by smoothing either the frequency distribution or the
cumulative frequency polygon.

An idealisation of a cummlative frequency polygon is the distribution function €(x)
giving, for each value x, the probability that the variable X is less than or equal to x:

®()=P X<x) 26)

A probability density function @(x) is an idealisation of a relative frequency

distribution. It is formally defined as the derivative (when it exists) of the distribution
funection:

o(x) = dd(x) / dx @7

MNote that Appendix 1 to this Chapter provides a review of selected theoretical models

of continnous random variables that are moest frequently used in reliability analysis of civil
structures.

Example 2.1

A centinueus random variable, which may attain equally likely any peint x within a
two-sided interval <a, b= (each point x has the same probability density ¢(x)) is described by
a so-called uniform distribution shown in Figure 2.1

Dhstribution fimction
x

I

a b
@ix) = 1/(b-a) Probability density

fimetion
x
a b

Figure 2.1. Uniform distribution

The uniform distribution is a basic type of distribution used not only in simulation
procedures but also in theoretical modelling of some actions and geometric data. Shapes of
the distribution function $(x) and probability density function ¢x) for the uniform
distribution are shown in Figure 2.1. We can easily observe that it is a general property of the
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probability density function that the probability of a set of all values of any random variable is
equal to 1

T u(x)dx=T a(r)dx =1 (2.8)

Thus, the surface bounded by the horizontal axis x and the curve of the density function o(x)
has the area equal to vnity.

2.4  Population parameters

The population parameters are quantities used in describing the distribution of a
random variable, as estimated from one or more samples. As in the case of random samples,
three basic population parameters are commonly used in practical applications:

- the mean u representing the basic measure of central tendency;

- the variance &~ as the basic measure of dispersion; and

- the coefficient of skewness o giving the degree of asymmetry.

The population mean u. for a continnous variable X having the probability density
o(x), is defined as

=[x p(x)dx (2.9)

the integral being extended over the interval of varation of the variable X The population
variance o, for a continuous variable X having the probability density function ¢(x), is the
mean of the squared deviation of the variable from its mean:

& =[ (x- 4y o(x)dx (2.10)

The population standard deviation ¢ is the positive square root of the population
variance ¢°.

The population coefficient of skewness, characterising asymmetry of the distribution,
is defined as

o= (- olde/ o (2.11)
Another population parameter based on the fourth order moment is called kurtosis &
e=[(- ' olx)arsat-3 (2.12)

Note that for normal distribution (described in Section 3.1) the kurtosis ¢ defined by
equation (2.12) is zero. However, this parameter is vsed mainly in theoretical consideration.

Another important parameter of the population 15 the coefficient of variation I defined
similarly as the sample coefficient of variation

F=c/u (2.13)
The same restriction on the practical use of I applies as in the case of samples.

Geometrically w is actually the x coordinate of the centre of gravity of the area
bounded by the horizontal axis x and the curve of density function ¢(x). Figure 2.2 shows an
example of probability density function of lognormal distribution illustrating the geometric
interpretation of the mean « and standard deviation o

The measure of dispersion of a random variable X relative to the mean u is given by
the central moment of the second order (moment of inertia) of the area, and standard deviation
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o is therefore the centroidal radivs of gyration around the mean i of the area bounded by the
horizontal axis x and the curve of probability density function @(x).

A very important population characteristic is the fractile xp. If X 15 a continnous
variable and p is a probability (a real number between 0 and 1), the p-fractile xp is the valve of
the wariable ¥ for which the probability that the variable X is less than or equal to xp 13 p. and
Lence, for which the distribution function &(x;) is equal to p. Thus,

P ex) =30 =p (2.14)

In civil engineering the probabilities p = 0.001; 0.01; 0.05 and 0,10 are wsed most
frequently. The probability p is often written as a percentage (e.g. p = 0.1 % 1 % 5 %; 10
%%). If this is done, then xp is called a percentile. for example the 5th percentile is nsed when p

=5 %. If p=50 %, then xp 15 called the median. More details about the fractiles of continmous
variables are given in the following sections.

Probability density o(x)
2.5

2.

0.5

o = S o — — — —— —

0.0 +
0. 0.6 [E:]

=
=
-
P
P

x
Figure 2.2. Geometric illustration of the mean  and standard deviation &

Example 1.1,
Parameters of the uvniferm distribution from example 2.1 may be derived using
equations (2.9) to (2.13) as
= (a+b)2, o=(b-a)/ 12, =0, s=-2.96, I'= (b-a)/((a+b)/3)

The skewness of a uniform distribution is zero, kurtosis is negative (independent of the
bounds a and b). Obviously the distribution is symmetric as the values of the random variable
are distributed vniformly. If the lower bound of the distribution is zero, a = 0 (which 13
sometimes assumed in practical applications), then

wu=05b o=0289b, =0, 2=-296, '=0577

Let us note that the coefficient of variation I” in this case (when a = () is independent
of b and its value is relatively high (7= 0,577).

A-

LA
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3 SELECTED MODELS OF RANDOM VARIABLES

31 Normal distribution

Mest frequently used models of continueus random wvariables that are applied in
reliability analysis of civil structures are reviewed in Appendix 1 of this Chapter. From a
practical and theoretical point of view the most important type of distribution of a continuous
random variable is the normal (Laplace-Ganss) distribution. Symmetric normal distribution of
a variable X is defined on an wnlimited interval - = < x < 2o (which can be undesirable in some
practical applications) and depends on two parameters only — on the mean & and on the
standard deviation o Symbolically it is often denoted as N{u. ).

The normal distribution is frequently vsed as a theoretical model of various types of
random variables describing seme loads (self-weight), mechanical properties (strengths) and
geometrical properties (outer dimensions). It 15 convenient for symmetric random variable
with a relatively low wvariance (coefficient of variation 7 < 0.3). It fails when uvsed for
asymmetric variables with great variance and skewness &> 0,5,

The probability density function of a nermal random variable X with a mean & and
standard deviation o is given by the exponential expression

1 1(x—u)]
=— -—= L 31
) o2 exp|: 2L e ]| Gn

Skewness o and kurtosis £are zero for a normal distribution.

Tables for normal distributicns are commeonly available [12, 13] for prebability
density function o(u) and distribution fonction $(u) of a standardized variable U, which is
defined by a general transformation relation (used for any type of distribution)

X—u
U= - (3.2)
ey

The standardized random variable U7 has a zero mean and variance (standard
deviation) equal to one; symbolically it is often denoted as N(0, 1).

The probability density function of the standardized random variable U7 is then given
as a function of u

1 [ out
¢(H)=Fexp{_ -5 3.3)

The prebability density fuonction of a nermal and lognermal distribution with a
coefficient of skewness &= 1.0 (described in the next section 3.2) of the standardized random
variable u is shown in Figure 3.1

Note that the probabality density function of the standardized normal distribution is
plotted in Figure 3.1 for u in the interval <—3.+3>, which covers the standardised variable 7
with a high probability of 0.9973 (in engineering practice this interval 1s often called interval

£30).

3.1  Lognormal distribution

Generally one-sided limited asymmetric lognormal distribution is defined on a limited
interval xp < x < = or -2 < x < xg. Therefore it eliminates one of the undesirable properties of
the normal distribution. A lognormal distribution is generally dependent on three parameters.
Commeonly the moment parameters are used: mean ux. standard deviation oy and skewness
. If the skewness oy is vnknown or uncertain. the lower or upper bound x; is used.

A-6
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Random varable X has a lognormal (general three-parametric) distribution if the
transformed random variable

F=lnl¥-xp (3.4)

has a normal distribution. In this relation xp denotes the lower or upper limit of distribution of
a variable X, which depends on skewness o If the variable has a mean 4 and standard
deviation o, then the lower or upper limit can be expressed as

X = uy- oy e (3.5)
where the coefficient ¢ is given by the value of skewness oy according to the relation
.’-.‘-_'g=r."3 +3c° (3.6)

from which follows an explicit relation for ¢

M2 . 4 e N 3 s
c'=||...|'(91.—4—[-;*| —|\,':'-_'.3 4wyl 2 v (3.7
Probability density p(x)
0.5
1 Lognormal distribution, =10
0.4

03 Normal distribution N{0.1)
0.2

01

0.0 f } } } t ; T

Standardized random variable u

Figure 3.1. Normal and lognormal distribution (skewness w=1.0)

The dependence of the limit x; on the coefficient ¢ 15 obviouws from Table 3.1 in which
the lower bound wy= —1/c of the standardised random wvariable U=(Y-yu y)/cy are given for
selected values of the coefficient of skewness or = 0. For ey = 0 valves of up with an inverse
sign (i.e. positive) are considered. A lognormal distribution with the skewness @ = (0 becomes
a normal distribution (up= -1/c — = ).

Table 3.1. The lower limit ug= —1/c for selected values of coefficient of skewness ax = 0.

faiy 0 0.5 1.0 1.5 2.0

ug=-1ic -0 -6.03 -3.10 -2.14 -1.68
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When creating a theoretical model it 1s therefore possible to consider. besides the
mean iy and standard deviation oy, the skewness oy or alternatively the lower or upper bound
of distribution x0. Generally the former possibility is preferred because more credible
information is available about the coefficient of skewness, which better characterizses the
overall distribution of the population (particularly of large populations) compared to the lower
or upper bounds.

The probability density function and distribution function of the general three
parameter lognormal distribution may be obtained from well known normal distribution nsing
medified (transformed) standardised variable u’ obtained from the original standardised
random variable u = (x-ux)/ ax as

tal
n'=—

u+l| |—].r||.';w\l'1—|:?2 |
el

@)

(3.8)

where (as above) u = (x-uy)/ oy denotes the original standardised variable. The probability
density fonction 01w (u’) and the distribution function @1 m{u’) = P1va(x) of the lognormal
distribution are then given as

Fuvpn) = o) (3.9)
|l == R+ e
c

Pnx) = Fvulu’) = S(u) (3.10)
where @(u) and $(u) denote the probability density and distribution function of the
standardised normal variable.

A special case is the popular lognormal distribution with a lower bound at zero (xp =
0). which like the normal distribution. depends on two parameters only — the mean i and the
standard deviation oy (symbolically it is denoted LN{x. o)). In such a case it follows from
eguations (3.5) that the coefficient ¢ is equal to the coefficient of variation Iy It further
follows from equaticn (3.6) that the skewness @y of the lognermal distribution with a lower
bound at zero is given by the value of the coefficient of variation 'y as

oy =3Fx+Fy (3.11)

Thus the lognormal distribution with the lower bound at zero (xp = 0) always has a
positive skewness, which may have relatively high value (greater than 0.5); e.g. for the
coefficient of varation equal to 0,30 a coefficient of skewness I = 0,927 obtained from
relation (3.11). Applications of the lognormal distribution with the lower limit at zero (x; = 0)
can thus lead to unrealistic theoretical models (wsually underestimating the occurrence of
negative and overestimating the occurrence of positive deviations from the mean). particularly
for higher values of coefficient of variation [y. Although the cccurrence of negative values
can also be undesirable (vorealistic for most mechanical quantities), it 1s vsually negligible
from a practical point of view.

Example 3.1.

Reinforcement cover layer of a reinforced concrete cross-section ¥ has a mean u =
25 mm and standard deviation o= 10 mm. The probability density functien ¢(x) for a normal
distribution and for a lognormal distribution with a lower limit at zero is shown in Figure 3.2,
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It follows from Figure 3.2 that the normal distribution leads to occurrence of negative
values of the reinforcement cover layer, which obviously does not cerrespond to reality. On
the other hand, the lognormal distribution with lower limit at zero overestimates the
occurrence of positive deviations of the cover layer, which may not be realistic either and can
further lead to unfavouvrable influences on the strength of the cross-section. The
overestimation of occurrence of extreme positive deviations corresponds to a high skewness o
= 1.36 of the lognormal distribution. which follows from equation (3.11). The available
experimental data on the concrete cover indicate that the skewness of the distribution is
around @ = 0.5, in most cases @< 1,0,

Probability density o(x)
0.05

Log-nommal distribution LN(25,10)
0.04

0.037 Neomal distribution N(25,10)

0.02

0.017

-10 1] 10 20 a0 40 50 60 70 80 90
Concrete cover X [mm]

Figure 3.2. Probability density function for the concrete cover

The lognormal distribution is widely applied in the theory of reliability. It is used as a
model for various types of random variables describing some loads (self-weight of some
materials). mechanical properties (strengths) as well as geometrical data (inner and outer
dimensions of cross-sections). It can be vsed for general asymmetric random variables with
both positive and negative skewness. The lognormal distribution with lower limit at zero (xp =
0) is very often used for description of mechanical properties (strengths) of various materials
(concrete, steel, masonry).

3.3 Gamma distribution
Ancther popular type of one-side limited distribution is the type III Pearson
distribution. Its detailed description is e.g. in the book [13]. A special case of the type III
Pearson distribution with lower limit at zero is the gamma distribution. The probability
density function of this important distribution is dependent on two parameters only: on the
mean u and standard deviation & To simplify the notation twe auxiliary parameters .1 and

k are often used
Vatlexpdx) | w

_Ax M
o(x) = TH) A=k gl (3.12)
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T(k) is the gamma functicn of parameter k. For the moment parameters of the gamma
distribution it holds that

3 3 22
,-.-=f,a=“f—_,w= ) (3.13)
A A W At

The curve is bell shaped for k = 1. i.e. for skewness @ < 2 (in the inverse case it 15 a
decreasing function of x). For k — oo, the gamma distribution approaches the normal
distribution with parameters yand o

The gamma distribution is applied similarly as the lognormal distribution with lower
bound at zero. However. it varies from the lognormal distribution by its skewness, which is
equal to twice the coefficient of variation (& = 2F) and is thus lower than the skewness of
lognormal distribution. which is more than 30% higher (according to equation (3.11) it is
w, =3V, +1’"_3). That is the reason why the gamma distribution is more convenient for
describing some geometrical quantities and variable action that do not have a great skewness.

Probability density ofx)

0.05 N
n=157 /Lo-gﬂormal distribution
m=2638 Gamma distribufion
0047 s=111
v=042 Normal distribution
a=040

Beta distribution
0.03

0.02

0.01

1] 10 20 30 40 50 60 70
Concrete cover [mmy]

Figure 3.3, Histogram and theoretical models for concrete cover of reinforcement

Example 3.2

A sample of the size n = 157 experimental results of concrete cover of reinforcement
measurements has these characteristics: m = 26 8 mm. 5 = 11,1 mm and v =042 It iz a
relatively large sample, which can be used for the assessed skewness (furthermore a leng-term
experience i3 available). A histogram of the obtained values and theoretical models of normal
distribution, lognormal distribution with origin at zero, gamma distribution and beta
distribution are shown in Figure 3.3, with help of which the apprepriateness of the individual
moedels can be considered.
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According to Figure 3.3 it seems that the gamma distribution describes the histogram
of obtained results better than the normal and lognermal distribution. But also the both-side
limited beta distribution (described in the following Section 3.4) seems to be an appropriate
meodel. However, to choose an appropriate theoretical model for describing variables of
interest is a complicated task, which can be treated in theoretical way. Information about
some methods of mathematical statistics (about the so-called goodness of fit tests) can be
found in the textbook [4] and in specialised literature [12, 13]. In this book
some practical aspects and procedures will be indicated only.

34  Beta distribution

An interesting type of distribution is the so-called beta distribution (alse called
Pearson’s type I curve), which is defined on a both-side limited interval <a, b > (but this
interval can be arbitrarily extended and the distribution then approaches the normal
distribution). Generally it is dependent on four parameters and it 15 used mainly in those cases
when it i3 evident that the domain of the random variable is limited on both sides (some
actions and geometrical data, e g, weight of a subway car, fire load intensity, concrete cover
of reinforcement in a reinforced concrete cross-section). The principal difficulty in practical
application is the need to estimate all the four parameters. for which credible data may not be
available.

The beta distribution is nsvally written in the form

_ [:.T _ ﬂ}d—l(r _ b)n‘—l

3.14
= B - G149
For the lower and upper limit of distribution it holds
[erd+
a=.x:-cgc7__b=lx.f+dgﬂ__g=1|c Cha (3.15)
V ecd

where g is an auxiliary parameter. From equations (3.15), relations for parameters ¢ and d can
be derived

o= Ii.'—11|' ('”_ﬂ}[__b_'“}—l | d-= b—.;:! (.:r—ajﬂb—;.‘) 1 | (.16)
b—al o b-a o ¢
For the moment parameters of the beta distribution it holds that
,i-‘=a_(b_ﬂjc.- o= (b—a) G.17)
(e+d) (cg +dg)
o= 2g(d-c) £=Bg‘(2(’c—d) —m‘(c+d—6j}_3 3.18)

T (e+d=2)’ (c+d+2)(c+d +3)

Note that skewness « and kurtosis ¢ are dependent only on the parameters ¢ and d
(they are independent of the limits a and b). That is why the parameters ¢ and d are called
shape parameters. In practical applications the distribution is used for ¢ > 1 and 4 > 1
(otherwise the curve is J or U shaped), for ¢ =4 = 1 it becomes a vniform distribution, for ¢ =
d =2 it is the so-called parabolic distribution on the interval <a, b > When ¢ = 4. the curve is
symmetric around the mean When d — =, the curve becomes the type III Pearson
distribution (see Section 3.3). If ¢ = d — ==, it approaches the normal distribution. Depending
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on the shape parameters ¢ and d the beta distribution thus covers various special types of
distributions. The location of the distribution is given by parameters @ and b.

The beta distribution can be defined in various ways. If the parameters a, b, ¢ and d
are given, then the moment parameters &, o, o and £ can be assess using equations (3.17) to
(3.18). In practical applications however, two other combinations of input parameters are
often applied:

1. The input parameters are (&, . a and b. The remaining parameters ¢ and d can

be assessed from equations (3.16), the parameters o and = from equations (3.18).

2. The input parameters are i &, o and one of the linuts a (for @ 0) or b (for @

< 0); the parameters b (or a), ¢ and d can be assessed wsing equations (3.16) to (3.17).

In practical applications the distribution with lower limit a = 0 is often wsed. It can be
shown that in such a case the beta distribution is defined if

e <2F (3.19)

where the coefficient of variation I"= &/ u For @ = 2] the curve becomes the type III
Pearson distribution (see Section 3.3). Therefore if the input parameters are the mean s
standard deviation o and skewness « = 2T, the beta distribution with the lower limit at zero (a
=0) is fully described. The upper limit b of the beta distribution with the lower limit at zero
follows from the relation (3.13)
b= wle+d) _ HA+T(2+ ) (3.20)
€ 2V —a)

In equation (3.20) the parameters ¢ and d are substituted by the following expressions

P @ [2]7—(-_?:]1' —{4——(9:} (.21
F (Foo+2) —(4+07)

o (V-0 -4+e’) 20l
2 (V<2 -3+ )a-21

(3.22)
which follow from general equations (3.16) to (3.18) fora=0.

Example 3.3,

Given the mean »& = 25 mm_ standard deviation 10 mm (7" = 0,40) and skewness
@=0,5, assess the parameters of a beta distribution with the lower bound at zero (a =0) for a
reinforcement cover layer. Equation (3.19) is satisfied (0.5 < 2 x 0.4). From equations (3.21)
and (3.22) it follows that

05 (2x04-057-(4+05")

o= — 2= 4407
2x04(04%035+2) —(4+05)

_05(2x04-05°-(4+05)2+05x04
2 (0.4x05+2) —(4+05)05-2x04

12927

The upper bound of the distribution b follows from equation (3.20) that

r T+13037
po 25X(AA0741200T) o0,
4407
A-12
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The beta distribution having the assessed parameters is shown in Figure 3 4 together
with a corresponding normal. lognormal and Gamma distribution with the lower bound at
zero and the same mean ;¢ and standard deviation o

Figure 3.4 further shows that the normal distribution (skewness @ = () leads to the
ooccurrence of negative wvalues, which may not correspond to the real conditions for the
reinforcement cover layer. According to equation (3.11) the lognormal distribution with lower
limit at zero has skewness &= 1,264, which does not correspond to experimental results and
leads to an overestimation of the occurrence of positive deviations (which may further lead to
unfavourable consequences in the reliability analysis of the reinforced concrete element).

The gamma distribution has, according to equation (3.13), a skewness o =27 = 0.8,
which is closer to the experimental value 0.5, The most convenient seems to be the beta
distribution having the skewness o= 0.5 corresponding exactly to the experimental results.

Probability density o(x)

0.0 Log-normal distribution LN{25;10)
A} a=0, o=1,264;

0047 Normal distribution N(25:10). &>=0
0037 Gamma distribution Gamma(25;10)

' 0, 2=038;
0ozt Beta distribution Beta(25:10)

’ a=0,b=983, =035
0017
0.08 0 10 22 30 40 50 60 70 80

Concrete cover x [mm]

Figure 3.4 Nommal. Lognormal, Gamma and Beta distributions for the concrete cover layer of
reinforcement in a reinforced concrete element

It should be mentioned that mathematical statistics offers a number of “goodness of fit
tests” for evaluation of fitness of a distribution as a theoretical model for obtained
experimental results (see for example documents [4, 12, 13] and a number recently developed
IS0 standards). The above discussion can therefore be supplemented by statistical tests. On
the other hand it is essential to remark that goodness of fit tests very often fail and do not lead
to an vnambiguous result. In such a case the selection of a convenient model depends on the
character of the basic variable. on available experience and on commeon experience.

3.5  Gumbel and other distributions of extreme values

The extreme values (maximal or minimal) in a population of a certain size are randem
variables and their distribution is very important in the theory of structural reliability. Three
types of extreme values distribution denoted as types L II and III are usually covered in the

A-13
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specialised literature. Each of the types has two versions — one for the distribution of minimal
values. the second for maximal values distribution All these types of distribution have a
simple expeonential shape and are convenient to werk with. We will describe in detail the type
I extreme value distribution. which is commeonly called the Gumbel distribution. Description
of other types of distribution can be found in textbook [12.13] and in specialised literature
[15,16, 17, 18, 19].

The distribution fonction for the type [ maximal values distribution (Gumbel
distribution of maximum values) has the form

2(x) = exp(-exp(-c(x - xxod))) (3.23)
It 15 a distribution defined on an infinite interval, which depends on two parameters:

on mode Xmeq and parameter ¢ > (. By differentiating the distribution function we cbtain the
probability density function in the form

P(x) = ¢ exp(-c (X - Xmod) - eXp(-c(x - Xmod))) (3.29
Both the parameters Xpgg. ¢ of the Gumbel distribution can be assessed from the mean
wand standard deviation &

6
Yo = 4 — 0,5??.4— (3.25)

o=

(3.26)

V6o

Skewness and kurtosis of the distribution are constant: o= 1,14, e=2.4.
An important characteristic of the Gumbel distribution is the simple transformation of

the distribution function $(x) of the onginal distribution to the distribution function $(x)

describing the maxima of populations that are NV times greater than the original population

with mean yu and standard deviaticn o If the individual multiples of the original population

are muinally independent. then it holds for the distribution fonction $p{x)

By(x) = (2(x))" (327
By substitution of equation (3.23) into equation (3.27) we obtain the distribution
function $3(x) as

$px) = expl-exp(-c(x - Xppa — In NE))) (3.28)

so the mean uy and standard deviation oy of maxima of populations that are N times greater
than the original population are

wy=u+lnNe=u+078ImNg on=c (3.29)

Thus the standard deviation oy of the greater population is equal to the standard

deviation of the original population, oy = o but the mean w15 greater than the original valoe
by 0.78 InN/e.

Example 3.4.

One-year maxima of wind pressure are described by Gumbel distribution with a mean
=035 KN/m®. o = 0,06 KN/m™. The corresponding parameters of the 50-year maximum
value distribution, i.e. parameters .50 and oo, follow from equation (3.29)

wsp="035+0.78 » In (50 » 0,06) =0,53 EN/m”, &s0 = 0,06 kN/m”
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Figure 3.3 shows both distributions of one-year and fifty-year maxima of wind
pressure described by the Gumbel distribution.

Probability density ©,4{x)

o2 oz o4 os 0E 0T s

Wind pressure x

Figure 3.5. Distribution of maximum wind pressure over the periods of 1 year and 50 years.

The distribution function of type I minimal values distribution (Gumbel distribution of
minimum values) has the form

P(x) =1 - exp(-exp(-c(¥med - X))} (3.30)

This distribution is symmetrical to the distribution of maximal values given by

equation (3.23). It is therefore also defined on an open interval and depends on two

parameters: on mode Xpeq and parameter ¢ > (. By differentiating the distribution function we
obtain the probability density function in the form

o(x) = ¢ exp(-¢ (Xmed - X) - eXp(-¢ (¥moq - X)) (3.31)

Both these parameters can be assessed from the mean i and standard deviation &

s .
Xpoy = 1 +057 "~..IITU_ (332)
P (3.33
Joo )

The probability density function of the minimum values is symmetrical to the shape of
maximal values relative to mode xmod, as it is apparent from Figure 3.6.
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04
03
/
021 Distribution of the / Distribution of the
mininmm values maxinmum values
!/
0,1
7
-~
—
00y 6 7 9 o 12 13 15 16
Variable x

Figure 3.6. The Gumbel distribution of the minimum and maximum values.

In a similar way the type II distributicn, the so-called Fréchet distribution, and type III
distribution, the so-called Weibull distribution, are defined. All the three types of distribution
complement each other with respect to the possible values of skewness . Each type covers a

certain area of skewnesses, as indicated in Figure 3.7.

Distribution of the maximum values

type III tvpe I type II
I
0 1.14 @
Distribution of the minimum values
type Il type I type IIT

1140 !

[

Figure 3.7. Types of distribution of extreme values versus the skewness a.

The extreme values distributions of the type I and II are often used to describe random
variables depending on the maximal values of populaticns (for example climatic actions). The
type II is particularly convenient for variables with high skewness @ = 1,14 (for example for
flood discharge that have @ ~ 2). The extreme values distribution of the type III is usually
applied for random variables depending on the minimal values of pepulations (e.g. strength

and other material properties) assuming that «» =—1,14.
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3.6 Function of random variables

In general many variables entering reliability analysis of structures may be considered
as a function of basic variables X' = [X7. X3, .., X3]. For example resistance R or load effect E
may be given as a function

Z=F(X) (3.39)

where X = [X], X3, ... . Ap] denotes a vector of basic variables. Then the resulting variable Z is
a random variable and its characteristics may be derived from relevant characteristics of basic
variables X = [X], X3, ... . Ap]. Usnally three moment parameters, the mean . standard
deviaticn < and skewness @ are uwsed for a first assessment of the resulting variable Z.
Experience shows that using derived moment parameters (i, ¢ and @) three parameter
lognormal distribution provides satisfactory approximation of Z. However, the software VaP
[9] applies a more accurate approximation based on four moment parameters (i o o and
kurtosis &)

Appendix 2 of this Chapter provides approximate expressions for fundamental
functions of two basic variables that can be used in assessment of failure probability in case of
small mumber of basic variables.

4 ESTIMATION OF FRACTILES

4.1 Fractile of a theoretical model

One of the most important keywords of the theory of structural reliability is the term
fractile of a random wvariable X (or of its probability distribution), sometimes called also
quantile. Appendix 3 to this Chapter provides a review of formulas for determining fractiles
of most impertant theoretical medels of continuous random variables.

Let us recall the definttion of the fractile. For a given probability p. the p-fractile xp
denotes such a value of the random wvariable X, that values less than or equal to xp ccour just
with the probability p. If ®(x) is distribution function of the random variable Y] then it follows
from equation (2.6) that the value ©(xp) of the distribution function $(x) at the pomt xp is
equal to the probability p

P(X < x5) = 9(xp) = p (4.1)

The same definition helds also for standardised random wvariable U7 (given by
transformation equation (3.1)) when in equation (4.1) U is substituted for X and up is
substituted for xp. Fractiles up of standardised random variables U are commonly available in
tables. Figure 4.1 illustrates the definition of the fractile described by equation (4.1) for
standardised random variable U7 it shows distribution function ©(u), probability density
fonction @(u), probability p (approximately equal to 0.05) and fractile up, for normal
standardised distribution LT

In general fractile xp of the original random variable X may be calculated uvsing tables
for up available for standardised random variables U with a relevant type of distribution. It
follows from transformation (3.2) that the fractile xp may be determined from the fractile of
the standardised random variable up (found in available tables) nsing relationship

xp= g+ upo=p(l+up ) (4.2)

where i denotes the mean, o the standard deviation and I” the coefficient of variation
of the observed variable X

If the probability p < 0.5, then the value xp is called the lower fractile. for p = 0,5 the
xp 15 called the vpper fractile. Figure 4.2 shows the lower and upper fractiles up of a
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standardized random variable U with normal distribution for probabilities p = 0,05 and 0,935,
and thus denoted g s and uges.

The fractile corresponding to the probability p = 0,05, is usually applied for an
assessment of the characteristic value of material properties (strength of concrete, yield point
of steel. masonry strength) However, the design values of dominant variables are fractiles,
which correspond to a lower probability (p = 0,001), design values of variables which are not
donunant are fractiles corresponding to a greater probability (p = 0.10).

Distribution function $(u)
10

0g

0.8

0.4

0.2

30

Probability density o(u)
L5

o4

03

o2

]

0.0

Figure 4.1. Definition of the fractile for the standardised random variable TV

The values up of the lower fractile of a standardized random variable L” having normal
distribution for selected probabilities p are given in Table 4.1. Considering the symmetry of
the normal distribution, the values up of the upper fractile can be assessed from Table 4.1 by
substituting of p by 1 - p and by changing the sign of values up (from negative to positive).

A-18
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Detailed tables can be found e.g. in books [12, 13]. in the International Standard ISO 12491
[4] and in specialised literature [18, 19, 20].

For a standardized random variable with a general three-parametric lognormal
distribution the value up of the standardized random variable is dependent on skewness @ The
values uy, for selected skewnesses o and probabilities p are given in Table 4.2

Table 4.1. Fractile uy, of a standardized random variable with normal distribution
P 107 10" 10° 107 0,001 0010 0050 0100 0200 0,500

up | -5,199 4753 4265 3719 3091 -2327 -1.645 -1282 -0341 0,000

Probability density ofu)

0.4
03
02
0.1
p=0,05
Upgs = -1,645 Upgs = 1 ,645
o 1 |
-3.5 -2.5 -1.5 -0.5 0.5 1.5 25 35

Standardised random variable U/ having normal distribution

Figure 4.2. The lower and upper fractiles of a standardized random variable L™ having normal
distribution

In the case of a lognormal distribution with lower limit at zero, which is described in
section 3.2, it 15 possible to calculate the fractile from the value of fractile of a standardized
random variable with normal distribution using the relation

L R 7y |
x, = {'_J'lexplilmlﬂ__l: Jin+17 | (43)
V1+7
where lpgmyp 15 the fractile of a standardized random variable with normal distribution, u is
the mean and [ the coefficient of variation of the variable X An approximation of relation
(4.3) is often applied in the form

xp = uexp (Upomyp = F) (44)

whose accuracy is fully satisfactory for the coefficient of variations I7 < 0.2, but it is
commeonly used for greater I”as well.
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Table 4.2. Fractile uy of a standardized random variable having lognormal distribution
Probability p

o W% 0% 001 005 010 020 0350 080 080 095 09 1107 1-107
20952 624 3352 -180 124 061 024 077 097 189 128 142 149
15797 551 331 -189 129 068 020 081 104 121 145 165 177
0 640 470 303 185 132 074 015 084 113 134 168 199 219
05 494 386 270 177 132 080 008 08 121 149 198 246 281
00 -3.72 300 233 165 128 084 000 084 128 165 233 3090 3T
03281 246 198 149 121 085 008 080 132 177 270 386 494
1
1
2

-119 -199 -168 -1.34 -1.13 084 005 074 1532 185 303 470 640
A -1L77 -165 -145 -121 -104 081 020 068 129 189 331 551 797
-149 -142 -128 -1.89 097 077 024 061 124 180 351 624 9352

Example 4.1

Let us assess the fractile x; of a normal and lognormal distribution with lower limit at
zero for p = 0,001; 0.01; 0.05 and 0.10, if "= 0.3. We know that the lognormal distribution
with lower limit at zero has, in this case. a positive skewness o= 0,927 (according to equation
(3.11)), which needs to be known for interpolation in Table 4.2. The resultant valves xp are
given in the following table in the form of dimensionless coefficients xp/u (expressing the
ratic of the fractile to the mean), which were for nermal and for lognormal distribution
assessed by different ways.

Table of coefficients xp/u.

Probability p
Coefficient xp/ 1 for 0,001 0010 0050 0,100
normal distribution, equation (4.2) and Table 4.1 0.073 0302 0306 0615
lognormal distribution. equation (4.2) and Table 4.2 0.385 0483 0591 0,638
lognormal distribution. equation (4.3) and Table 4.1 0.387 0484 0591 0657
lognormal distribution, equation (4.4) and Table 4.1 0396 049 0,610 0,681

Table of ceefficients xp/ir shows the expected difference between the fractiles of
normal and of lognormal distributions. The lower fractile of normal distribution is
significantly lower than the corresponding fractile of lognormal distribution particularly for
small probabilities p. The table also shows that the approximate formula (4.4) provides
satisfactory results for computation of fractile of lognormal distribution (the error will
decrease with decreasing coefficient of variation I”).

The fractile of gamma distribution can be calculated from the available tables for type
II Pearson distribution [12, 13]. To calenlate the fractile of beta distribution. the available
tables of incomplete beta function may be used or it can be assessed by integration of
probability density function according to definition (4.1). However, when it is needed (and
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neither appropriate tables nor software product are available), the fractile of beta distribution,
which is bell shaped (for shape parameters it holds that ¢ > 2 and d = 2). may be assessed
approximately from equation (4.2) using table values of up for a standardized lognormal
distribution, having the same skewness @ as the beta distribution. Analogical procedure may
be used for other types of distribution, too.

The fractile x; can be easily assessed for Gumbel distribution. From equation (3.23)
and definition (4.1) follows an explicit relation for x directly dependent on the probability p

X, =x - %m(-m(p)) = 1= (0.45+0,78In{~ln(p)))& (4.5)

P

where mode g and parameter ¢ are substifuted by relations (3.23) and (3.26).

Example 4.2,

Let us determine the upper fractile of wind pressure from Example 3.4 described by
Gumbel distribution when probability p = 0,98 1s considered. It is known from Example 3.5
that for the one-year maximum g = 035 N/m?, o = 0,06 EN/m’. The fractile xpeg for such
parameters follows from equation (4.3)

xnes = 0.35 — (0,43 + 0.78 » In(-In(0.98))) x 0,06 = 0,51 KN/m2

The cerresponding fractile of the maximum for a period of 50 years (as shown in
Example 3.4 that usp= 0,53 KN/m”, o5p= 0,06 kN/m") is

xne = 0,53 — (0.45 + 0,78 x In(-In(0.98))) = 0,06 = 0,69 KN/m’

Simple mathematical procedures, including the computation of fractile, are some of
the reasons of the wide popularity of Gumbel. distribution which is frequently used for
random variables describing climatic and other variable actions that are defined by maximal
values for a given period (e.g. during one vear).

However, theoretical models are not always known in practical applications. In civil
engineering. the fractile of a random variable (e.g. strength of a new or unknown material) has
to be assessed from a limited sample, the size n of which may be very small (sometimes less
than 10). Furthermore, considered random variables may have a high variability (the
coefficient of variation is sometimes greater than 0.30). Assessment of the fractile of a
population from a sample is then a serious problem, which is in mathematical statistics solved
by various methods of estimation theory. In the following three basic methods are shortly
described: the coverage method, the prediction method and the Bavesian method for
estimation of the population fractile.

4.2 Coverage method of fractile estimation

The kevword of the coverage method for the fractile estimation from a sample of a
limited size n is the confidence ;, ie. the probability (vsually 0,75, 0,90 or 0,95) that the
estimated value covers the population fractile (that is why the method 15 called coverage
method). The estimator xp cover of the lower fractile xp is determined by the coverage method in
such a way that

P(.Yp.:mw < .Tp:l =¥ [4'6)

Thus. the estimator Xpeover 15 lower (on the safe side of the lower fractile) than the
unknown fractile x; with the probability (confidence)
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In the following summary practical formmlas are given without being derived,
assuming that the population has a general three-parameter distribution characterized by
skewness @, known from previous experience. In addition it is assumed that the mean i of the
population is never known in advance and the estimation is based by the average m obtained
from a sample. The standard deviation & of the population is assumed to be either known (and
then it is used) or nnknown (and then the sample standard deviation 5 or the coefficient of
variation I”is used instead of o

If the standard deviation & of the population is known from previouns experience, the
estimator Xp rover Of the lower p-fractile is given as

Xprowr =M — iy @ (4.7)

If the standard deviation of the population & is unknown, then the sample standard
deviation 5 15 considered

Xprover = M — kp 5 (4.8)

Coefficients of estimation xp = « (@, p.  n) and kp = k (@ p, . n) depend on
skewness o, on probability p corresponding to the fractile xp that 15 estimated. on confidence
and on the size n of the population. The knowledge of confidence  that the estimator Xp over
will be on the safe side of the real value is the greatest advantage of the classic coverage
method. In documents [1, 2] the confidence pis recommended by the value 0.73. In the cases
of increased reliability demands when a detailed reliability analysis is required, a higher value
of confidence, say of 0.95, may be more appropriate [4].

4.3 Prediction method of fractile estimation

According to the prediction method [4] the lower p-fractile xp is estimated by the so-
called prediction limit Xppreq for which it holds that a new value xp+) randomly drawn from the
population will be lower than the estimator xp preq only with the probability p. 1.e. it holds that

Plans1 < Xppred) =p (4.9
It can be shown that for growing n the estimator Xppg defined in this way is
asymptotically approaching the unknown fractile xp. It can be alse shown that the estimator
Xppred COrresponds approximately to the estimator obtained by the coverage method xp cover for
confidence y= 075 [4].
If the standard deviation o of the population is lmown, then the lower p-fractile is
estimated by the value X peg according to the relation

Xppa=m+up (In+ 1) o (4.10)

where up = u(c, p) is the p-fractile of a standardized lognormal distribution having the
skewness @ If the distribution of the wvariable X is normal then wp is the p-fractile of
standardised normal distribution. l

If, however, the standard deviation of population is unknown, then the sample
standard deviation 5 must be considered instead of o

Xpprea=m + i (Un+ 1)1 5 (4.11)

where f; = t{e, p, V) 15 the p-fractile of the generalized Student's r-distribution for v=mn -1
degrees of freedom. which has a skewness @ (information about Student’s distribution and
about the number of degrees of freedom may be obtained from the textbook [12.13] and from
other specialised sources [18, 19]). If the distribution of the variable X is normal, then up is the
p-fractile of standardised normal distribution Student's f-distribution for v =n —1 degrees of
freedom.
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4.4 Coefficients of the coverage and prediction methods

The coverage and prediction methods represent two basic procedures of estimation of
the population’s fractile from the available sample of a limited size n. If the standard
deviaticn of the population < is known, then eqﬁuatious (4.7) and (4.10) are applied in which
two analogical coefficients «p and —up(l/n + lj]  appear. Both of these ceefficients depend on
the sample size n. coefficient sy of the coverage method depends furthermore on the
confidence ;. Table 4.3 shows the coefficients sp and —up(l/n + 1)1':| for p = 0,05 and selected
values of n and y when normal distribution of the population is assumed.

Table 4.3. Coefficients xp and —up(1/n + 1}1"] from equations (4.7) and (4.10) for p = 0,05 and
normal distribution of the population (when & is known).

Sample size n

Coefficient 3 4 3 6 8 10 20 30 o

»=075 [2.03 | 198 | 195|192 | 188 | 186|179 | L77| 1.64
y=090 |[239 220222217210 205|193 | 188 | 1.64
»=095 | 260|247 | 238|232 223|217 |201]195| 164
—up(1/n+1)" 180 [ 183 [ 1,80 [1.77 [ 1.74 [ 1.72 [ 1.68 [ 1.67 | 1.64

5

It is evident from Table 4.3 that with the growing sample size n both the coefficients
approach the value 1,64, which holds for a theoretical model of the normal distribution (see
Table 4.1). The coefficient xp of the coverage method increases with increasing confidence .
Note that for confidence y= 0.75 it holds that &3 = —ug{1/n + 1)'>. Thus, for = 0.75 the
coverage methoed leads approximately to the same estimator as the prediction method. xp cover =
Xp pred (for greater confidence > 0,75 the Xp rover < Xp pred)-

If the standard dewviation of the population  is unknown, equations (4.8) and (4.11)
are applied in which two analogical ceefficients kp and —#(1/n + l)L: appear. Both of these
coefficients depend again on the sample size n, coefficient kp of the coverage method depends
forthermore on the confidence » Table 4.4 and Figure 4 3 show the values of coefficients ky
and —tp(1/n + 1}1"] for p = 0,05 and selected values of n and » when normal distribution of the
population is assumed.

Table 4.4. Coefficients kp and —ip(1/n + l)] ? from equations (4.8) and (4.11) for p = 0,05 and
normal distribution of the pepulation (when & is unknown).

Coefficient Sample size n
3 4 5 6 8 10 20 30 0

y=075 |[3.15 268 | 246|234 219|210 (193|187 | 164
kp y=090 |[331 396|340 |300 275257 (221208164
y=095 [7.66 514420371319 [291 (240222164
— iy 1in+1)" 337|263 233 (218 (200192176 173|164

It is obvious from Table 4.4 and Figure 4.3 that with increasing sample size n both the
coefficients kp and —f(1/n + l)l < approach the value 1,64, which is valid for a theoretical
model of the nermal distribution (see Table 4.1). In case of the coverage method, the
coefficient kp increases with increasing confidence yand the relevant estimators xp pver of the
lower fractile are decreases (on the safe side). Note, that as in the case of known standard
deviation o both coefficients are approximately equal, ky = —;(1/n + 1]] ? and for confidence
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=075 the coverage method leads to approximately the same estimator, Xpcover = Xppred, a5 the
prediction method.

10
Coefficients k, and —,(1in+1)'?
| T_\ \?for »=0.95
r ¢k for y=0.90
. AV
Ky for =075
—
1,64 - - —_———
1A+l ——
0
0 5 10 15 20

Figure 4.3. Coefficients k, and -t,(1/n + 1)'? for p = 0.05 and normal distribution of the
population (when < is vnknown).

Also the skewness (asymmetry) of the population « may affect significantly the
estimator of the population®s fractile. Tables 4.5 and 4.6 show the coefficients k from
equation (4.8) for three value of the skewness &= -1.0, 0,0 and 1.0, probability p = 0.05 and

confidence y = 0,75 (Table 4.5) and »=0.93 (Table 4.6). Values of the coefficients from
Table 4.6 are shown in Figure 4. 4.

Table 4.5. Coefficient k; from equation (4.8) for p = 0,05, »=0.75 and lognormal distribution
having skewness @ (when & is not known).

Sample size n
Skewness 3 4 5 6 8 10 20 30 =
@ =-100 431 | 358 (322 | 300 | 276 | 2,63 | 233|223 |1,85
@ = 0,00 315 | 268 | 246 (234 | 2,19 | 2,10 (193 | 1,87 | 1.64
@ = 1,00 246 | 2,12 | 195 [ 186 | 1,75 | 168 [ 156 | 1,51 | 1.34

Table 4.6. Coefficient kp from equation (4.8) for p = 0,05, »= 0,93 and lognormal distribution
having the skewness @ (when is not known).

Sample size n
Skewness 3 4 5 6 8 10 20 30 O
w=-1,00 10,9 | 7,00 | 5,83 [ 303 | 432 |3.73 (3,05 [2,79 | 1.85
@@= 0,00 7.66 (5,14 (420 | 371 | 3,19 | 291 (240 (222 | 164
@@= 1,00 588 | 391 | 3,18 (282 | 244 | 225 (188 | 1,77 | 1.34

It is evident from Tables 4.5 and 4.6 that as the sample size n increases, the
coefficients ky approach the values of up, which are valid for theoretical model of lognormal
distribution (see Table 4.2). Thus, the influence of the skewness @ does not disappear when n
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— =, and it 15 especially significant for small samples and greater confidence y = 0.95 (see
Figure 4.4).
10
- kc '
L ﬂ w=0,00
| \ ©=+1,00
5
1,64
r [E—
o L n P L
0 5 10 15 20

Figure 4 4 Coefficient kp for p = 0.05 and confidence ;= 0,95 (when & is unknown).

A similar dependence on skewness may be observed in the case of the generalized
Student’s t-distribution for which the fractiles f; are given in Table 4.7. These values f; are
applied in the prediction method using formula (4.11) and further in the Bayes® method. That
15 why Table 4.7 gives directly the valoes of fractiles 7, depending on the number of degrees
of freedom v. Similarly as in Tables 4.5 and 4.6 the probability p = 0,05 and three skewnesses
@=-1.0:0.0and 1.0 are considered.

Table 4.7. Coefficient —fp from equation (4.11) for p = 0,05 and lognormal distribution with
skewness @ (when is vnknown).

Coefficient — ip for v=n — 1 degrees of freedom
Skewness 3 4 5 6 8 10 20 30 a0
o =-1,00 265 | 240 (227 [ 219 2,19 [ 204 | 194 | 1.91 [ 1.85
@= 0,00 235|213 (202 | 194 |1.86 [ 1,81 | 1,72 | 1,70 [ 1.64
w= 100 192 | 1,74 | 164 | 1,59 | 1,52 | 148 | 1,41 | 1,38 | 1.34

It follows from Table 4.7 that as the size of the sample n increases, the values of iy
approach the theoretical values of up, which are valid for a model of lognormal distribution
with the appropriate skewness and are given in Table 4.2, Therefore, the influence of the
skewness again (as in the case of k) does not disappear for n — =, but it 15 especially
significant for small samples (it increases with decreasing sample size n).

Example 4.3,

A sample of the size n = 5 measurements of strength of concrete has the mean m =
292 MPa and the standard deviation 5 = 4,6 MPa. We assume that the population is normal
and that its standard deviation & is vnknown. The charactenistic strength fix = xp. for p = 0,05
is firstly assessed by the coverage method. If the confidence i3 = 0,75, then it follows from
equation (4.8) and Table 4.4 that

97



Implementation of Eurocodes Handbook 2

Xpcover = 20,2 - 246 « 4,6 =179 MPa
If the higher confidence = 0,95 is required, then
Xpeover =292 420« 4.6 =09 MPa
If the prediction method is vsed, then it follows from equation (4.11) and Table 4.4 that
Nppred = 292233« 46=185MPa

The characteristic strength obtained by the prediction method is only a little greater
than the wvalue according to the coverage method with confidence » = 0.75. However, if a
higher confidence »= 0,95 is required, then the prediction method leads to a value which is
almost twice greater than the value obtained by the coverage method.

If the sample comes from a pepulation with lognormal distribution and a positive
skewness o= 1. then the coverage method with the confidence y= 0.75 (Table 4.5) gives an
estimator

Xpcover = 29,2 - 1,95« 4,6 =202 MPa

which is a value by 13% greater than when the skewness 15 zero.
Similarly it follows for the prediction method from equation (4.11) and Table 4.7 that

11
X =292-174x=,|—+1x46=204MPa
popred 3 1IJj 2

where the value f; = -1.74 15 given in Table 47 for o= 1.0 and v =3 - 1= 4. The resulting
strength is in this case by 10% greater than the valve, which corresponds to the nermal
distribution (aw=0).

4.5 Bayes' method of fractile estimation

If previous experience is available for a random variable (e g in the case of a long
term production) it is possible to wse so-called Bayes method, which generally follows the
idea of vpdating of probabilities described in section 2.5. The Bayes® method of fractile
estimation is described here without deriving any important relations. More detailed
description is given in documents ISO [3. 4] and other specialised literature [12, 13].

Assume that a sample of size nm with an average m and standard deviation s5is
available. Note that degrees of freedom 1=n — 1. Besides an average m " and sample standard
deviation 5" assessed from an unknown sample (of an unknown size n” and degrees of freedom
") are available from previous experience. It is, however, assumed that both the samples
come from the same population having the mean i and the standard dewviation o If this
important assumption is valid, then the two samples may be combined. This could be a simple
task if the individual values of the previous set were known, but that is not the case. Howewver,
the Bayes™ method must be used.

Parameters of the combined sample are generally given by relations [3, 4]

n"=n+n'
Vi=v+=lifr' z L v'=v+ifn'=0 (4.12)
m'"=(mn+mn’)/n"

3 ] '] . R
"= (r-52 s Tt amTEam T — n"m"z) { "
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The unknown sample size n’ may be assessed using the relations for coefficients of
variation of the mean and standard deviation F{u) and o). (parameters u and & are
considered as random variables in the Bayes’ concept) for which 1t holds [3. 4]

n'=[s"/(m' 1’-’(::}}]2_ vi=1/(2 I’(G}]) (4.13)

Both the unknown variables n’ and 1/ may be assessed independently (generally +'=n’
- 1). depending on previous experience with the degree of uncertainty of estimator of the
mean i and standard deviation o of the population.

The next step of the procedure applies the prediction method of fractile estimation
The Bayes® estimator Xp By of the fractile 1s given by relationship sinular to equation (4.11)
for prediction estimator, assuming that the standard deviation o of the population is not
known

XpBayes = m”+t_;{1.-"n"—1)1 S (4.14)

where f'_;':=r; (@w.p.v') is a fractile of the generalised Student's f-distribution having an
appropriate skewness « for " degrees of freedom (that is generally different from the value
n"-1).

: If the Bayes® methoed is applied for an assessment of material strength, the advantage
may be taken of the fact that the long-term variability is constant. Then the uncertainty of an
assessment of o and the value v(o) are relatively small, variables 1" assessed according to
eguation (4.13) and " assessed according to equation (4.12) are relatively high. This factor
may lead to a favourable decrease of the value f, and to angmentation of the estimator of the
lower fractile of xp according to equation (4.14) On the other hand. uvncertainties in
assessment of the mean u and the vanable w(y) are vsually great and previous information
may not affect significantly the resulting values n" and m "

If no previous information is available, then n'= 1" =0 and the resulting characteristics
m", n", 5", " equal the sample characteristics m, n, 5, 1. In this case the Bayes’ methed is
reduced to the prediction method and equation (4.14) becomes equation (4.11); if &is known
equation (4.10) i1s used. This particular form of the Baves’ methed, when no previous
information is available, is considered in Eurocode EN 1990 [1] and international standards
ISO[2,3].

Example 4.4

If previous experience was available for Example 4.3, the Bayes’ methed could be
used. Suppose that the information is m "= 301 MPa, I(x) = 0.30, s "= 4.4 MPa, I'{c) = 0.28.
It follows from equation (4.13) that

(A4 1 7 1

1l V==
L 301030 2x0,28°

Further on these values are thus considered: n' =0 and +'= 6. Becanzse v=n-1=4_ it
follows from equation (4.12)

n"=3 v"=10,m"=292MPa, s"=45 MPa.
From equation (4.14) the fractile estimate follows as

6

=292-181x ,|I—{+ 1x45=203MPa
]

rp.)s\a_uw
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where the value ,r,, =1.81 is given in Table 4.7 for =0 and 1+”"= 10. The resulting strength is
thus greater (by 10%) than the value obtained by the prediction method.

If the population has lognormal distribution with skewness @ =1, then it follows from
equation (4.14) considering the value ¢, =148 given in Table 4.7 that

[—

x =29.2—1,48<,|i||;+1> 45=219MPa

P Bayes
which is a value by 8% greater than the Baves® estimator for w=10.

Examples 4.3 and 4.4 clearly showed that the estimator of characteristic strength
(fractile with probability p = 0,05) assessed from cne sample may be expected within a broad
range (in Examples 4.3 and 4.4 from 9.9 MPa to 21,9 MPa), depending on the applied
method, required confidence, previous information and on assumptions concerning the
population. Besides the alternatives considered in Examples 4.3 and 4.4, knowledge of the
standard deviation < of the population and assumption of the negative skewness (in the case
of some materials of high strength) may be applied as well.

Even more significant differences in the resulting values may occur when design
values of strength are being estimated, i.e. when fractiles corresponding to a small probability
(p = 0,001) are considered. However, a direct estimation of such fractiles from a limited
sample of the population is recommended only in such cases when a sufficient amount of
information on the relevant random variable iz available. In such cases. it is necessary to
proceed carefully and, if possible, in co-operation with experts in the field of mathematical
statistics.

4.6  Estimation of fractiles according to Eurocodes

Euvrocode EN 1990 [1] gives in tables the coefficients for estimation of a fractile of a
random variable with normal distribution (asymmetric distributions thus are not considered
for the fractile estimation) from a sample for three probabilities p = 0,05 (for characteristic
value xi). p = 0,001 (for design value xy of the dominant variable) and for p = 0.10 (for design
value x3 of the non-dominating variable). As already mentioned above, the characteristic
values xxy and design values xy are defined as fractiles x;, which correspond to a given
probability p (application of these variables in structural design is explained in the following
chapters).

For characteristic values of material properties a fractile corresponding to probability p
= 0,05 is wsually considered (however, for variables which describe variable loads the
probability p is usually less than that), 1.e. it holds

P(Y < xy) = 0,05 (4.15)

For design values x3 of dominating variables it holds approximately that p = 0.001 (or
another value close to this one), t.e. it holds

P(X < xg) = 0,001 (4.16)

Finally, for design values x4 of non-dominant variables it holds approximately that p =
0.1, ie. it holds that

P(X < xg)=0.1 (4.17)

A more detailed description of the dominating and non-dominating variables 15 given
in Handbook 1.
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The following Tables 4.8 and 4.10. which give the required coefficients for estimation
of variables xy and x3 according to equaticns (4.15) to (4.17), are adopted from the document
[1] in its original version. even though the first Table 4.8 partially overlaps with the precedent
Tables 43 and 4 4. Tables 4.8 and 4.9 are taken from the final version of EN 1990 [1]. Let us
remark that all the coefficients in [1] are denoted by the symbol ks, which is vsed also in the
following tables.

Table 4.8. Coefficients k» for a 5% characteristic value (see Tables 4.4 and 4.3).
Sample size n

Coefficient 1 2 3 4 5 6 8§ 10 20 30 =
—u(Un=1)". o kmown | 2,31 201 189 183 180 1,77 174 172 168 1,67 162
—t(Un=1)"% & unkmown| - - 337 263 233 2,18 200 192 176 173 1.64

Table 4.9. Coefficients ky for a design value x4 of a dominating variable. PLY < xg) = 0.001.
Sample size n

Coefficient 1 2 3 4 5 6 8 10 20 30 =
—u(Un=1)", cknown | 4.36 3.77 356 3.44 337 333 327 3.23 3,16 3.13 3,09
— (=) cunknown| - - - 114 785 636 507 451 364 344 300

Table 4.10. Coefficients k; for a design value x5 of a non-deminating variable, P(Y < xg) = 0.1.
Sample size n

Coefficient 1 2 3 4 5 6 8 10 20 30 =
—up(l-"n—l}l‘. o kmown |1.81 1,57 148 143 140 138 136 134 131 130 1.28
- .t;.{l.".'rj—l)l ® o unknown| - 377 2,18 183 168 156 1,51 145 136 1,33 128

The assumption concerning knowledge of the standard deviation o is replaced
(inaccurately) in the document by the assumption that the coefficient of variation [7is known.
The original version of Table 4.9 [1] gives for the sample size of = a wrong value of 3.04 for
the coefficients (correct 15 3.09). Let us also note that when knowledge of the standard
deviation & is assumed. Tables 4.8 to 4.10 give values of coefficients already for the sample
size n = 1. Application of these values is. however. associated with significant statistical
uncertainties and therefore a minimum sample size n = 3 is recommended here. Note, that
Table 4.10 (for 0.1 fractile) is included only in the prestandard ENV 1991-1 and not in the
final document EN 1990 [1].

Statistical methods for determining the characteristic and design values of resistance
variables are provided in Annex D “Design assisted by testing” of EN 1990 [1]. Relevant
basic variables describing structural resistance are described by lognormal distribution. The
whele procedure is described in detail in the Annex D. Afttached MATHCAD sheet
“Mod_estmed” can be used to evaluate experimental data using the whole procedure. It is
provided with explanatory notes and needs no additional information.

In order to simplify computational procedure the assessment ceefficients given in
Tables 4.8 and 4.9 are in the attached MATHCAD sheet “Mod_estmed” expressed using
built-in distribution function of normal and Student ¢~ distribution. In accordance with the
principles of Annex D in [1] single variable and model representation of a resistance variable
R are distinguished. The results shown in the attached sheet indicates that both approaches
lead to similar results.
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Appendix 1 - Probabilistic models of basic variables

Distribution, Probability density function Domain | Parameters | Mean Standard Skewness
notation of ¥ i deviation & @
Rectangular ) a f
E ib — <x= + b)i2 —a)12 0
R(a.b) 1/(b - a) asx<h boa {a+ b) (b —a)vl
N'UI'I:LIBI 1 [ 1(x-p IE | —e Ly s I u & 0
N(z.o) oy e x -
Lognormal, : mix<x=|m=u-co| mteo o Je=c”
general 1 x—x, leldl+e? | 1., || pro @=0, G
N - ln . {21l +c%)) |
IN(ueo) |1 ity fan P / Qlad+e) [| —2= <xzxo c
LN( 1z, oxg) ) pro @< 0
Lognormal. 1 0zx<mx 7 i Fu )i
zero origin 1 x1+7* |/ 2 | V=clu
= —_— exp —-iln | QIn(1+T4)) | '
LN(s.0) B =72 P remy. (211 =77)) I
Gamima Rl ey (T 0=x<= ! KA kA 2Nk
A -Ax) S Tk,
Gam( i, @) exp(-10 1 T(E)
Beta, . i aZx=h a a+ (b—a) 2g(d-«c)
gerlleral (x—a) ™ (b- 1_]’_ b :-:.:.la b-aye| Et+de c+d+2 i
Beta( . o, arb) B(e.d)(b-a)™ " ezl 2 lecdo1|._ fezd=l
Beta( i, o.a,b) d=l = -l N o
Beta, b0 be b 2gld-c)
zero origin ()b —x)* 0=x=b ezl c+d cg +dg crd+2
Beta( i o, o) B(e.d) b dz=l fezd=1 |._ fe=d=1
Beta(i, o.b) A V. od
Gumbel —x =X Xmod = fi— Tmpd T Ti(V6e) 114
Gum( s, o) € exp{—c(x—Xmod) — €Xp(— €(X = Xmod))) - 05776 /7| 0.577/e
e=a/(v6a)

A-31

Appendix 2 - Statistical parameters of functions of random variables

Function Z The mean iz Standard deviation oz Skewness oz
a¥+b aux+b aloy a pro @> 0, - ay pro @< 0
p
= * I a2 e 23T
X ) Hy T0 20 iy + pyoyay | Suy oyloy+37, )
Gz
13 2 3 4 _ped
1 *) 177 -} (7} -2 oy | 6Vy =T @y
- _ 3 3
X My My Ly Oz
a¥+bl+e aur+bur+ec a‘cy +boy - a’ oo, +b' ol o,
o
X+r U GyTo; - Oy @, + _.E o,
3
G
- 2, 22
X-7 Y — Uy Ty T f a.Ti 0 —a: Dy
oz
Y * s a2 T TS B 5 S e g
Xy ) MY MY .:{r:.'l'II’: +I;+T7 F"_,'Il by iy Weay, +Va, +67, V)
o3
2, el s3 M2 \
x . ) w227 0, ) |
¥ i

iy

*) Expressions for parameters of marked fonctions are approximations only.
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Appendix 3 - Fractile of a random variable xp, P(¥ =x,)=&(x,)=p
Distribution, | Domain of Fractile x; of the theoretical model Estimate using coverage Estimate using prediction method
notation X Xp= method
7 known o unknown 7 known o unknown
Rectangular e - _ _ _ - -
Ria.b) aZx=h a+p(b—a)
Normal —wixfaw gty o= (l+u, I) m-—ipo m—lps |-|»r+u_i,|(1-’r.-+1]J T '.t:'J—.r_;.(l.-'Jl—jl]J ‘5
N{w.a) up from Table 4.1 #p from kp from up from Table 4.1 r_;-(l-"r.'+1]1 * from
Table 4.3 Table 4.4 Table 4.4
Legnomal. | mp=x == . | meme | meks | mrume)? o | meime) s
general ow>0, | ,_Zi1_ sien(eiu ofnfl+ ey || = i i i
= pr u | 1-— explisign(eiu,/Infl+¢”) || = - -
IN(i.6.6) | == <xzxg el W1+62 ! || spnotgiven | Fpfrom4.35 | up from Table 4.2 | fp from Table 4.7
LN( o) ro @< 0 [+ .' . and 4.6
P =x,+ 'l,_x[i exp'f;igu(a‘)u ool +c7) |
Wl+e” '

tp for normal distribution or
ptupo=u(l+up )
up for lognormal distribution from Table 4.2

Lognormal, | DZx <= ' ] r 12
= i e - % -k +up(lin+1)™~ o g1+l
zeto origin : : e:cphrl,-,'-'h.L(l— = m-—ipo m—lps mtup(ln+1y"" o | mHfp(ln+1)"" 5
LN{w.a) V1+17° #p not given kp from up from Table 42 | fp from Table 4.7
= gexplu, « V| for <02 T::tlnclie:;

up for normal distribution or

gty o= (l+u, I)

and uy for lognormal distribution from Table 4.2

mebel —mIxT® 1 Fractile can be estimated using the parameter lognormal distribution
Gum(u, o) Xmod _:]-'1(‘ In{p)) = as an approximation

= 1= (0.45+0.78In(-1In(p))) &

A-33
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NMPUIOXXEHUE B. 3JIEMEHTAPHbIE METOAbl OLEHKW KOHCTPYKTMBHOW
HAAEXXHOCTMU 11

MunaH Xonuku ! n Ton BpayseHsenbaep 2 n Anuxenb ApTera 3

! MHCTUTYT KnokHepa, Yeluckuii TexHnyeckuii yHneepcuTeT, Mpara, Yexus
2 lendpTckuit TEXHUYECKMI yHMBepcuTeT, OpraHn3aums NpUKIaaHbIX HayyHbIX MCCnenoBaHwii B cdepe CTpou-
TenbcTBa, HnaepnaHapl

3 HayuHo-1ccneaoBaTenbCKuii MHCTUTYT CTpOUTeNsCTBa «3ayapao Toppoxa» («CSIC»), Maapua, Wcnanuns
KpaTtkas nndopmaumns

MpW NOMOLLM OCHOBHBIX MPUHLMMOB TEOPUM HAAEXHOCTM, OMUCaHHbLIX B rnaee II, paspaboTaHbl 3neMeHTapHble
METOAbl OLEHKU KOHCTPYKTMBHOW HafeXHOCTU I, npakTuyeckue npoueaypbl OLEHKU YaCTHbIX KO3dULMEHTOB OC-
HOBHbIX MepPEeMEHHbIX, KOTOPbIE UCMOMNbL3YIOTCA AN onpeaeneHns obLiei NOCTOSHHOW U NepeMeHHoN Harpysku. Ans
WNIIOCTPALMM OMMUCAHHLIX METOAOB BbIYMCIEHUA NMPUBEAEH PSAL UMCIEHHBIX NMPUMEPOB C WUCMOMb30BaHMEM Tabnuu
Excel, MATHCAD n MATHEMATICA.

1. BBepgeHue
1.1 CnpaBouHble MaTepuasbl

OCHOBHble MOHATUSI U METOABI OLIEHKN KOHCTPYKTMBHOM HaAEXHOCTU AOCTATOMHO MOSIHO OMMCaHbl B HECKOJSIbKUX
HaLMOHaNbHbIX CTaHAapTaX, B HOBOM EBponeiickoM gokymeHTe EN 1990 [1] n MexayHapoaHoM ctaHaapTe ISO 2394
[2]. OononHutenbHas uH@OpMaums NpeacTaBneHa B CNpPaBoOYHOM M34aHUK, BbiNyWweHHOM «O6beanHEHHBIM KOMUTE-
TOM HaJIEXXHOCTU KOHCTpyKLUMi» (JCSS) [3] 1 HeaaBHO ony6MKoBaHHOM PyKOBOACTBE MO MUCMOMb30BaHUIO CTaHAapTa
EN 1990 [4]. PekoMeHaaLuM MO NPUMEHEHWUIO BEPOSITHOCTHBLIX METOJIOB OLIEHKN KOHCTPYKTUBHOM HaAEXHOCTU MOXHO
HaliT1 B pabounx MaTepuanax, npeaoctaBieHHbIX «O6beANHEHHBIM KOMUTETOM HAAEXHOCTU KOHCTpyKumiA» (JCSS)
[5] 1 B COOTBETCTBYIOLUMX U3AAHUSAX, NEPEUNCIIEHHBIX B CNMUCKe nuTepaTypsbl (cM. [4] u [5]). PekomeHaaumm no cTpo-
UTENbHLIM CUCTEMAaM COOPYXXEHMUIA U HAAEXKHOCTY, 3aBUCSILLEN OT BPEMEHW, NMPeACTaB/eHbl B n3aaHusx [6] v [7].

1.2 OCHOBHbI€ NMPUHLMUNDI

B TEOpWM KOHCTPYKTUBHOW Hafil@XXHOCTU BCE OCHOBHbIE NMEPEMEHHbIE PacCMaTpMBAIOTCS Kak CrlydaliHble Benuyu-
Hbl, MMEIOLLME COOTBETCTBYIOLUMI TWUM pacripeieneHnst BEpOSTHOCTU. [insi pacCMOTPeHUs! BO3AEWCTBUIM, CBOWCTB Ma-
TepuanoB U reoMeTpUYeckux napameTpoB CneAyeT WCMoMb30BaTb pasnMuyHble TWUMbl pacnpeaeneHus. Kpome Toro,
cnepyeT yuuTbiBaTb HEONpeAeneHHOCT Mojenei, CBsi3aHHble C BO3AEWCTBUAMM, @ Takke MOAENN Hecyllel cnocob-
HOCTW. OnucaHve paHee pa3paboTaHHbIX MOAENEN OCHOBHBIX NEPEMEHHbLIX Y METOA0B BEPOSITHOCTHOM OLIEHKU Mpes-
CTaBNIEHO B AOKYMeHTax «O6beIMHEHHOrO KOMUTETA HAAEXHOCTU KOHCTPYKUmiA» (JCSS) [5].

HacTosilee npunoxeHue ABNSeTCS NPAMbIM J0MONHEHNEM K naBe II «DnemMeHTapHble METOAbl KOHCTPYKTUBHOM
HaZEXXHOCTW>», ABMSIIOLLENCS YaCTblo OCHOBHOIO TEKCTA, M Ha KOTOPYIO YacTO CCbINatoTCs aBTopbl.

2. PacueTtHas Touka

TeopeTuyeckne NPUHLUMMbLI MOTYT WMCMOMb30BaTbCS S OLEHKM BaXXHEWLIMX MapaMeTpoB HaAeXHOCTU (YaCTHbIX
K03 DUUMEHTOB, KOIPDUUMEHTOB OCnabneHnsi, KOMOMHALMOHHBIX NpaBwA, U T.4.), KOTOpble NPUMEHSIIOTCA B pabo-
yuxX CTaHdapTax, B TOM uucne n EBpokogax, 1 OCHOBbIBAIOTCA Ha METOAE YaCTHbIX KoadduumeHToB. 15 Toro 4Tobsbl
06bACHUTL, KakMM 0bpa3oM TeopeTnyeckne BbiBOAbl TPaHCOPMUPYIOTCS B NPOEKTHbIE peKoMeHAaLMW Mo aHasnornm
C npeacTtaBneHHbIM B MpunoxeHun C ctaHaapta EN 1990 [1] ucnonb3yeTcs rpaduyeckoe onucaHue criydaiHbix ne-
peMeHHbIX E 1 R, a Takke coOTBETCTBYIOWAsA PYHKUMS NpeaenbHoro coctosiHus (2) R - E = 0 us rnasbi I1.

Ha puc. 1 (cm. [1]) nokasaHbl cnyyaliHble nepeMeHHble E 1 R B ABYMEpHON AuarpamMme, rae ropusoHTasibHasi och
npeacTasnseT coboi Apobb R/O'R , @ BepTuKanbHas ocb — Apobb E/GE . Mpeanonaraetcs, 4To BeNMUMHbLI E 1 R

SIBMSIOTCS HE3ABUCMMbIMM MEPEMEHHBIMI, UMEIOLWMMI HOpPMasbHOE pacnpeaeneHve. Kak ykasaHo B MpuMepax 5 v 6
rnasbl II, Takoe NpeanosioXeHne, BO3MOXHO, He SIBNSIETCS abCOMIOTHO CrpaBe/IMBbIM, U AO/MKHO paccMaTpuBaThCs
TONbKO B KayectBe NpubnmxeHus. OaHako, Kak MpaBuno, toboe pacnpeaeneHne MoXeT 6biTb Npeobpa3oBaHo B
HopMasbHOEe (Mo MeHbLLEN Mepe, B HEKOTOPOM 061acTV 3HAYEHUI), 1, MO3TOMY, ClyYaiHble nepeMeHHble E 1 R, no-
KasaHHble Ha puc. 1., MOryT paccMaTpyBaTbCs Kak Mpeobpa3oBaHHble NMEPeMEHHbIE, U3HAYallbHO MMEOLME APYron
TUN pacnpeaeneHus.

Ha puc. 1 Takke nokasaHa yHKUMS NpeaenbHOro CocTosHus (rpaHvua paspyluenus) R - E = 0, koTopas cooT-
BETCTBYET BblpaXkeHuio (2) u3 rnaebl II, M3MEHEHHOMY B COOTBETCTBMM C CUCTEMOW KOOPAMHAT, MCMONb3yeMOn Ha
puc. 1. ObpaTuTe BHMUMaHWE Ha TO, YTO rpaHuLa pa3pyLieHus ByaeT pacnonioxeHa no AWMaroHaaW K riaBHbIM OCSM

KOOpAMHAT, €CIK CTaHAapTHble OTKIOHEHWUS MEpeMeHHbIX R 1 E MMEoT 0HO U TO Xe 3HaueHve, T.e. O, = 0.
O6nacTb 6e30nacHbIX 3HaYeHU nepeMeHHbIX R 1 E (kenaemas), yaosneTsopsiowas TpeboBaHuio (1) u3 rnassl II,
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HaxOMTCS HUXE TPaHWULbl pa3pyLlleHusi, a 0611acTb 3HAYEHUI, COOTBETCTBYIOLIMX paspyLleHUo (HexenaTenbHas),
HaxoAauTcs Boblwe rpaHuubl R-E = 0.

/

I Limit state function R - =0

Design point
ﬂ (Ra/on, L/ o%)

OEEﬁ

j/O'.

agf

UR/OR
| = I
l On

®OyHKUMA NpeaenbHOro COCTOSHUSA
PacueTHas Touka

Puc. 1. PacuetHas Touka R

Mpw onpeaeneHnn cTeneHn KOHCTPYKTUBHON HaZEXHOCTM oByto TOUKY Ha rpaHuue paspyweHus R - E = 0 Mox-
HO paccMaTpuBaTb B KauyecTBe KpUTUUECKON (pacyeTHOM) TOUKM (YTO CTAHOBUTCS OYEBMAHBLIM MPU U3YUYEHUWN Pa3BU-
TUS| METOAOB pacyeTa KOHCTPYKUMM C TEYEHUEM BPEMEHM, OMMCAHHbLIX B Mpeablayluei rnaBe HacTosuero Pykosoa-
ctBa 2). OgHako, 66110 ycTaHoBAeHO (CM., Hanpumep, [5]), YTO Ny4liMM M3 BO3MOXHbLIX BapuaHToB (obecneunBato-
UMM [AOCTOBEPHOCTb M MHBAPWAHTHOCTb PeLIeHUs pasfinyHbIX GOopM GyHKLUMM NpeaenbHbIX COCTOSHUIA U PasfiMyHbIX

OCHOBHbIX MEpPEMEHHbBIX) SIBMSIETCA TOUKa (Rd,Ed), Hanbonee NpuBAMXKEHHas K CPeaHEMY 3HAYEHWUIO (,uE,,uR),

yKasaHHOMY Ha puc. 1. Mcxoas w3 3Toro, M3 puc. 1 cneayet, UTo KOOpAMHAThl pacyeTHbIX ToUeK (Rd,Ed) MoryT
6bITb 3anu1caHbl B CefytoleM BUAE:

Rd =Hr— aRﬁO-R (1)
Ed =Hg— aEﬂGE (2)

BennuunHel aE n aR 0603HauyaoT B 3TOM cny4yae TakK Ha3blBa€Mble KOBd)CbMLl,VIeHTbI YYBCTBUTENBbHOCTU NEPEMEH-

HbIX £ 1 R 3HaKkn «MUHYC» B ypaBHeHusiX (1) u (2) ABAsOTCa YCNOBHO MPUHATLIMUA 0603HAYeHUsIMU B JOKYMEHTax
CEN [1] n ISO [2].

U3 puc. 1 cnepyet, UTO ypaBHeHUs AN KO3SMMULIMEHTOB HYBCTBUTENLHOCTU O, W O, (HANPaBNSIOLWMIA KOCUHYC
rpaHuLbl paspyLLeHust) MoryT BbITb 3anUcaHbl cneayowmnM 06pasoMm:

a,=-0,/\o,+0r (3)

o, =0/ 0'; +J§(4)

B EBpokoaax npubnmkeHHasi oueHKa 3TvX ko3hdUUMEHTOB YyBCTBUTENBHOCTU KakK MOCTOSIHHBIX BEMWYMH [aree
NpYHUMAETCS B ClefytoLeM BUAE:

a,=0,/+\or+or =08 (5
a,=-0,/+o, +or =-0,7(6)

MpaBunbHOCTL TaKoW I'IpVI6ﬂM)KEHHOI\/II OLEHKN OrpaHN4YMBaETCA YCNIOBUEM, MNMPU KOTOPOM OTHOLLUEHUE CTaHAAPTHbIX
OTKJIOHEHWI HAaxoaUTCS B WHTEpBasie cneayrLwnx 3HaAYeHUM:

0l6<0,/0,<7,6 (7)

Ecnv aaHHoe YCnoBue He BLINOMHAETCA, TO koadduumeHT dyscteutensHoctn o = £1,0 pekomeHayeTca ncnons-
30BaTb ANS NEpeEMEHHON, uMeloLleli 6osblilee CTaHAapTHOe OTKIOoHeHWe. CneayeT OTMETUTb, UTO 3TO YMpOLLIEHWE
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[eNaeTcsa ANa NepecTpaxoBKu, MOCKONbKY CYMMa KB3ApaToB HarpassiolmMX KOCMHYCOB A0/HKHA PaBHATLCS eanHU-
ue.

TakuM 06pa3oM, pacueTHble 3HaueHus £, u R, nepemerHbix £ n R onpeaensiotcst kak KBaHTUIM HOPManbHOrO
pacnpegeneHus:

P(E>E,)=®,(+a,f)=0,(-0.75)®)
P(R>R,)=®y (- ayB)=Dy(-0.85) ()

roe @, (1) obosHauaeT cTaHpapTHoe HopMasbHoe pacripepenetue. Ecm 5= 3,8, To pacueTHble 3HaueHus

e, I, ABNATCA KBAaHTUNAMU NMPUBIN3NTE/IbHO COOTBETCTBYIOWMMI BEPOSATHOCTAM, paBHbiM 0,999 u 0,001. Cre-
AyeT 06paTUTb BHUMaHWE Ha TO, YTO B ypaBHeHUM (9) MCNOMb30BaHO CBOMCTBO CMMMETPUYHOCTM HOPMasibHOMO pac-
npeneneHus, T.e. cootHowehne 1 — @, (+ aE,B) =0, (— aE,B).

B cnyyasix, koraa MoAesnb Harpysky UM HecyLlwel CrnocobHOCTY BKITHOUAET B cebsl HECKOMBbKO OCHOBHbIX NMEPEMEH-
HbIX (Opyrve Harpysku, 6onbllee KOIMYECTBO MaTEpMasnioB, reOMeTpUYECKME NapaMeTpbl), ypaBHeHus (8) u (9) co-
[epXxaT TONbKO Beaylume nepemMeHHble (Hambonee BaxkHble ANs pacCMaTPMBAEMOrO YCOBUS HAAEXHOCTKW). Ans apy-
rmx (CONyTCTBYHOLWMX) NEPEMEHHbIX TPEOOBaAHMSI OTHOCUTENBHO PacYETHbLIX BEIMUMH CHUXAKOTCS, U MOAENb BKJIOYa-
€T B cebsi cnepytoLee:

P(E>E,)=®,(+0,4a,8)=,(-0,284)10)
P(R<R,)=®,(-0,4a,8)=D,(-0328)11)

Mpu ﬂ = 3,8, pacyeTHble 3HaueHusi CONyTCTBYIOWMX (He BeaylUMX) NepeMeHHbIX SBASIOTC KBaHTUASMU, Npu-
6113UTENBHO COOTBETCTBYHOLLMMM BEPOSTHOCTSM, paBHbiM 0,9 1 0,1.

PacueTHble 3HaYeHWsi COOTBETCTBYIOT BepXHEMY (ANs1 BO3AEHCTBUIA) UM HUKHEMY 3HAYEHWSAM KBAHTUAM (ANS He-
Ccyluel cnocobHOCTM), KOTOpblE OTHOCATCS K OMNpeaesieHHbIM YPOBHSM BEPOSITHOCTU — MOBLILLEHHOMY (BO3AEWCTBUS)
WK He AOCTUrHYTOMY (Hecylasi CnocobHOCTb). [Nl BEAYLUMX NMEepPEeMEHHbIX BEPOSITHOCTM BbipaXkeHbl B BUAE yHK-

Uumn pacnpeaeneHunsa CtaHaapTHOro HopMasbHOro pacnpeaeneHua ans 3HAYeHUN U = +6¥Eﬂ n — aR,B , B Cny4ae

BCTIOMOraTe/bHbIX MepeMeHHbIX Anst npueeAeHHbIx 3HaveHnin u = +0,4a, fu — 0,4, . 3Tn BeposiTHocTn (anst

HMXKHErO 3HauyeHUst KBaHTUNM npubnusutensHo 0,001 ans Beaywelt 1 0,1 Ans cONyTCTBYIOLWEN NEPEMEHHBIX) 3aTEM
CnyXaT Ans onpeaeneHns PAacYETHbBIX 3HAYEHUI aXe AN TEX NEPEMEHHBIX, KOTOPblE HE UMEIOT HOPMasIbHOMO pac-
npepenenus. Cnegyet OTMETUTb, YTO B COOTBETCTBMM C 0BLIMMM NpaBwunamy, KOraa BEpPOSITHOCTb COOTBETCTBYET
BEPXHEMY 3HAUEHWI0 KBaHTWUMM (BO3AENCTBUIN) HEOGXOAMMO PacCMOTPEHUE AOMOMHUTENbHBLIX BEPOSITHOCTEN (3Hade-
HVe KOTOpbIX NpUBAMXKEHO K eanHuue).

Mpumep 1.
PacueTHble 3HaueHnst £, R, R, nepemeHHbix £ 1 R w3 npumepa 4 oLEHMBAIOTCS, UCXOAS U3 MPEANoNoxe-

HUS O TOM, 4TO MHAaekc HagexHoctn B =38, a,. =-0,7, n a, =0,8. CornacHo ypaBHeHuo (8), K BennuMHe
£ R

E otHocuTes cnepytowee:
P(E>e,)=®,(a,B)=D,(-2,66)=0,0039
[JononHutenbHas BeposITHOCTb, NO3TOMY, paBHa 0,9961, 1 13 ypaBHeHMS Mbl MoSlydaeM cregytoLlee:
e, = 1—(0,45+0,781n(~In(p)))o = 50 - (0,45 + 0,78 x In(~ In(0,9961)))x 10 = 88,75
Heo6x0aMMo OTMETUTb, YTO €C/W NpefnonaraeTcs HopMasnbHOe pacnpeeneHue, Toraa:
e, =u+u,0=50+2,66x10=76,6
CornacHo ypasHeHuio (9), k BennunHe R oTHocuTCs criedyrolee:
P(R>R,)=®,(-a,B)=D,(~3,04)=0,0012

[nsi norapudMUYEcKn HOPMaNbHOro pacnpeaeneHunst co cpeaHuM 3HadveHnem 100 (eamHuL) U CTaHAAPTHBIM OT-
knoHeHueM 10 (eanHuu):

R, = pexp(u,,, ,*xV)=100xexp(-3,04x0,10) = 73,79
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[N HopManbHOro pacrnpeaesieHns Mbl MosyYaem:

R, =u+up6:50—3,04><10=69,6

OueBnaHO, 4TO B 06M1ACTU 3HAYEHMIN KOOPAMHATLI NMPOEKTHOW TOUKM €, > 7,, U PacTsKka He YAOBNeTBOpseT
ycnosuio (1) us rnassl II (M3 npumepa 4, npeacrasneHHoro B rnase II, n3BecTHo, 4TO ﬂ paBHO nuwb 3,09). YTobbl

3TO ycnosue 66110 BbINOJIHEHO, MHAEKC HAaAEXHOCTH, paBHbIVI 3,8, a Takxe napaMeTpbl NEPEMEHHbIX EwR A0K-
Hbl 6bITb U3MEHEHDI.

Mpunaraemble Tabnuubl MATHCAD StRod.mcd, DesVRod.mcd MoryT 6biTb MCMOMb30BaHbl AN1S BbINOSIHEHUS BCEX
YMCNEHHbBIX PaCYETOB.

3. YacTtHble k03 PULMeHTDbI
3.1 CeoiicTBa MaTepuanos

[MoHaTns HaAeXHOCTn, onncaHue KOTopbIX NpeacTtaB/ieHO Bbllle, MOryT 6bITb MCMOb30BaHbI Ang OoueHKM YaCTHbIX
ko3 duumeHToB. B npunaraemom nporpammMHoM nakete MATHCAD GammaRGQ.mcd coaepXutcst onucaHme BCex
METOAOB BblYMCIEHUIA, NPEACTABNEHHbIX HMXXE, KOTOPbIE MOMYT MCMOMb30BaTbCA AN BbINOMHEHUS! AONOHUTENbHBIX
YMCNOBLIX pacyeToB.

CornacHo ctaHaapTy EN 1990 [1] unu ISO 2394 [2] yacTHbIN KO3(HULIMEHT ¥, Hecyllei cnocobHOCT MaTtepu-

anos R onpeaenseTcsa Kak OTHOWEHUE €ro XapakTepucTtu4eckoro 3Ha4eHus Rk K PacC4y€THOMY 3Ha4eHUIO Rd , KO-
TOpOE MOXET 6bITb ONMCaHo npu noMoLlmn cneayrowero ypaBHeHUA:

Ve =R, /R, (12)

B nanbHelllueM XxapakTepucTuyeckoe 3HayeHne R, nepeMeHHoIt Hecylleit CnocobHocT R NpUHUMAETCst paBHbIM
ee 3HayeHuto npu 5% keantunm [1], [2] v [5].

Ecnn nepemeHHas HeCYIJ.I,Eﬁ cnocobHocTn R (I'IpO‘-IHOCTb) MMEET HOpPMaJIbHOE pacrnpeaeneHne, To Xxapaktepuctum-
YECKOE 3Ha4YeHne Rk MOXeET 6bITb 3aaaHo cneaywownMm 06pa30M:

R, = 1, —1,645x 5, = g1, (1-1,645x V) (13)

PacyeTHoe 3HaueHne R, napametpa R MOXeT 6biTb onpeseneHo npu MoMOLUM BbiBEAEHHOTO YpaBHeHWs (22),
npeacTaBNeHHOro Bhille (CM. Takke AokyMeHThl [1] and [2]):

Rd =Hp — Oy XﬂXGR = Hg _OaSXﬁXGR :ﬂR(l_OaSXﬂXVR) (14)

B ypaBHeHusx (13) u (14) 14, 0603Hay4aeT CpefiHee 3HaYeHne, a O, — CTaHAapTHOE OTK/IOHEHWE, VR — k03 un-
umeHT Bapuaumn, n &, = 0,8 — KoapduLMeHT uyBCTBUTENBHOCTU NepeMeHHoit K.

MpuHMMas BO BHUMaHue ypaBHeHus (13) u (14), u3 ypaBHeHust (12) cnepyeT, UTO YacCTHbI ko3dDULMEHT
¥ ANS BENNUMHBL R, nMetoLyeli HopMarbHoe pacrpesieNeHne, MOXET BbiTb BbIUMCIIEH ClIeAyHOLLMM 06pa3oM:

7o = (1=1,645x7,)/(1-0,8x B xV,)(15)

Mpu NorapudMUUeckin HopManbHOM pacripeaeneHnn BeUMHbl R ero xapakTepuctuyeckoe 3HaueHne R, Moxet
6bITb ONpeaeneHo ¢ UCNONb30BaHNEM NPUBIMIKEHHOIO ypaBHeHus (cMm. [1], [2]):

R, = pp x exp(— 1,645 xV, ) (16)

AHanornyHbIM 06pasoM pacyeTHoe 3HaueHre R, MOXET BbiTb MPUBIMKEHHO BbIPaXEHO CEYIOWLMM YpaBHEHN-
em (cMm.[1], [2]):

R, = xexp(—aR xﬂxVR)(17)

MpuHUMas BO BHMMaHWe ypaBHeHus (16) u (17), u3 ypaBHeHus (12) cnegyeT, 4TO YacTHbI KO3(PDULMEHT
¥ g ANsl NIOrapu@OMUYECKM HOPMANBHOTO PacnpeesieHns MOXET BbITb BbIUUCIEH CllieayiomuM obpasom:
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7 =exp(l—1,645xV, )/ exp(— aty x S xV, ) (18)

Ha puc. 2 n 3 nokasaHo U3MeHeHWe YacTHOro KOBCI)d)VILI,MEHTa Yr CBOWCTB MaTepuana Rc MHOEKCOM HaAEXHO-

ct [3 Bns Bbi6paHHbIX 3HaueHui koadduumMenTa Bapuaumn V), , NpeAcTaBNeHHoOro ANnsi HOPManbHOro pacnpeaene-
HWs B ypaBHeHuu (15) (puc. 2), n norapudmMmnyeckm HopManbHOro pacnpeaeneHns — B ypasHeHum (18) (puc. 3).

2,9 /

7R

?

2,0+

?

1,5

1,07

0,5 ' ,
0 1 2 3 4 5

Puc.2. NsMeHeHne koaduumneHTa ), Ansa BbIGpaHHbIX Ko3dhduumenTos Bapmauum /), =0,05; 0,10;

0,15 u 0,20, 1 Ans HOpPMaNbLHOro pacnpeaeneHus napamerpa K.

Kak npaBuso, YacTHbIi KOS(PMULMEHT ), YBENUMUMBAETCS C POCTOM WMHAEKCA HAAEXHOCTU [3. Tpu HOpManbHOM

pacrnpefeneHun yBenmyeHue ¥ , aBnsetca bonee 3HauuTenbHbIM (puc. 2), YeM npu norapu@MUMyeckn HopManbHOM
pacnipegenenun (puc. 3). BnusgHue Tuna pacnpegeneHusi ocobeHHO 3HauMMo And KO3(dUUMEHTOB Bapuaumm
V', npesbiwatowmx 0,10. CreayeT oxuaaTb 3aMETHOTO BAUSIHWS TUMa pacrpeaesneHns Ha TeopeTUyeckoe 3HaueHe

YaCTHbIX KO3(MOUUMEHTOB Takxke U Ans APYrMX OCHOBHBIX MEPEMEHHbIX, B OCOGEHHOCTU, OTHOCSILUMXCS K BO3Aeii-
CTBUAM.

2,5

7

0 1 2 B 3 4 5

Puc. 3. NameHeHne koadduumneHTa ), ans Bbi6paHHbIX K03(h(HULUMEHTOB Bapuaumm VR =0,05; 0,10;

0,15 1 0,20, u ansa norapndMUueckn HOPMaJIbHOIO pacnpeaeneHns Bennunnbl R .
3.2 NocTosiHHasA Harpyska

PaccMoTpuM cobeTeHHbIn Bec G, MMelowmii HopManbHOe pacnpeaeneHne. AHanorMyHO CIyyalo co CBOMCTBaMM
MaTepuana, koraa 6a3oBblii nepuof BpeMeHn T MCronb3yeTcs BMECTO pPacyeTHOro Cpoka sKcryaTtauuu npu npo-
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BEpKE HAZIEXHOCTW KOHCTPYKLMKM, pacdeTHoe 3HaueHne (G OMKHO onpenensTbca Ans napameTpa 1, a He napa-
metpa 7, . Mpeanonaraetcs, 4To xapakTepucTudeckoe 3Haderne G, BennunHbl G onpefensieTcs kak cpeaHee 3Ha-

ueHne L (cm. [1], [2] n [5]):
G, = u;(19)
PacyeTHoe 3HayeHue Gd 3afaetca ypaBHeHveM (23) 3 rnasebl II (cM. Takke aokymeHThl [1], [2]):
G,=u;—a . xfxo,=u;+0,7xfxo, :,uG(1+O,7><ﬂ><VG)(20)

B ypaBHeHun (20) /i, 0603Ha4aeT cpeaHee 3HayeHue, a O, — CTaHAAPTHOE OTK/IOHEHWE, VG — k03 MUneHT

Bapuaumu, U &, = —0,7 - koabduumeHT yyscTBUTENbHOCTN G . YacTHbIA KO3hOULMEHT ¥ ¢ BENNYMHBI G zapa-
eTcs cneayowmm obpasom (cm. [1], [2]):

76 =G, /G, (21)
MpuHuMas Bo BHUMaHwue ypaBHeHus (19) u (20), u3 ypaBHeHus (21) cneayeT, uTo:

iz =(1+O,7xﬁ><VG)(22)

Ha puc. 4 nokasaHo M3MEHEHME YacTHOro KO3M@ULIMEHTa ¥/, C UHAEKCOM HaAEXHOCTH /7 nns BbIGPaHHbIX 3Have-
HUIN ko3dhdULUMEHTa BapuaLmm VG= 0,05; 0,10; 0,15 n 0,20. Cnenyetr 0bpaTUTb BHMMAHWE Ha TO, YTO 3Haue-
Hue ¥ =1,35 (pekomeHaoBaHHoe B cTaHaapte EN 1990, cm. [1]) npubnunsnTtesibHO COOTBETCTBYET MHAEKCY Hadex-

HOCTH ﬁ =3,8, ecnun koapdmumeHT Bapuauumn coctaenset okono 0,1 (pekomeHaoBaHHoe B ctaHaapTe EN 1990 (cm.
[1]) 3HaueHune 6bino No3gHee yBenuyeHo Ha 5 % Ans yyeTta HeonpeaeneHHOCTU MoAENN).

25
Yo

27 ' |

0,5 , - ‘ . .
0 1 2 p 3 4 5

Puc. 4. UsmeHeHne ), C MHAEKCOM HafleXKHOCTH [} ans BbIGPaHHBIX 3HaueHWii koadduuneHTa Bapu-

auum VG = 0,05; 0,10; 0,15 u 0,20, a TaKKe A1 HOpMaJibHOro pacnpeaeneHus sennumubl G .

Mpu paccMoTpeHun puc. 2,3 u 4 MOXHO CAenaTb BbIBOA, YTO, KaK MPaBwio, CleayeT OXuaaTbh MeHee 3HaUMMOro
M3MEHeHMs C yuacTveM [3 - BeNMUMH ANsl 4aCTHOrO KO3(MdULIMEHTA COBCTBEHHON MacChl )/, YEM ANsi YACTHOrO KO-

aduLmMeHTa CBONCTB MaTepuanos 7 .
3.3 NepemeHHas Harpyska

[nsa onpeneneHns YacTHbIX KOBCI)(bVILlMEHTOB ]/Q ANna NepeMEHHbIX Harpy3ok Q MOXET UCMONb30BaTbCS TaKoM e

MeTOoA, KaK 1 ANns ciyyas noctosiHHoi Harpyskn G . Micxoas u3 pacnpeneneHus N'ymbens, xapakTepuctmyeckoe 3Ha-
yeHue (0,98 kBaHTWUIN) MOXET 6bITb 3a1aHO cneayowmM o0b6pasoMm:

0, = 1,1~ 7,(0,45+0,78In(~ n(0,98)))) (23)
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PacueTHoe 3HaueHne (J, MOXET BbiTb 331aHO C/IefIOLLMM 06pasoM:

0, = 1, (1-7,(0,45+0,781n(~ In(®"' (- 2, 8)))) 29

BenmunHa [l B ypaBHeHWaxX (23) v (24) obo3HayvaeT cpeaHee 3HayeHue, VQ — K03(hMUMEHT Bapvaummn rogo-
BbIX 3KCTPeMyMOB BenmunHbl O 1 a; =—0,7 - koacdpuumeHt uysctutensHocTM (. YacTHbI ko3bULMEHT

7 o BEMUMHBI O moxeT 6bITb 3aaaH ceayowmm obpasom: (cM. [1], [2]):

Yo :Qd/Qk(ZS)

Ha puc. 5 nokasaHo M3MeHeHMe YacTHOro Ko3dduUMeHTa ¥, C KoahduULMEHTaMN Bap1aLmm VQ Ans Bbl6paHHbIX
3Hauenmii ¢ yuetom BennunHel (0, pacnpeaeneHHol no Mym6enio. MonydyaeTcs, uTo ANs Clyuasl nepemMeHHoM
Harpy3kn O MHAEKC HafeXHOCTU [ OKa3blBaeT 3HAUMMOE BIUSIHWE HA YaCTHbIM KOIhDMUUMEHT 7o - Ha cnenyiolem
HUXe puc. 6 NoKasaHO U3MEHeHWe BeSIMYMHBI Yo C VIHOGKCOM HafeXHOCTH ,B ANs1 BbIBPaHHbIX 3HaYeHu koadbu-

uveHTa Bapuaumm V,,, cHoBa ¢ yuetom BenmunHbl (), pacripeaeneqHoil no Fyméeno.

M3 puc. 5 1 6 cneayet, 4To AN MHAEKCA HAAEXHOCTH ﬂ = 3,8 n ko3apduumneHTa Bapuaumm V', , He npesbiato-

wero 0,5, BEMYMHA YaCTHOTO KOIMMULIMEHTA ¥, HE MPEBBILIAET 3HAUeHWs, PaBHOro 1,3. OAHaKO, KOI(MMULMEHT

BapuaLMy MOXET MPU 3TOM MpPeBbIWATb 3HadeHue, paBHoe 0,5 1 Torda 6onee afeKBaTHbIM OKa3blBAETCS MpUMeHe-
HWe Apyroro TUna pacnpeaeneHns BepoATHOCTEl (CM. Apyrie rnasbl HacTosiwero PykosoacTea). MoaToMy, B CTaH-

fdapte EN 1990 [1] pekoMeHAyeTCs MCMOb30BaTh 3HAYEHWE BENMUMHDI Yo + B3ATO€ C 3anacoMm, 1 paBHoe 1,5.

1.5

Yo

0.9 -
0 0.1 0.2 0.3 0.4 0.5

V( )

Puc. 5. U3MEHEHME BE/IMYUHDI Yo ¢ ko3 duumMeHTaMn Bapmaumum VQ Ans BbIGpaHHbIX 3HauYeHnin [, ¢

yuetom Bennuunbl (J, pacnpeaenexHoii no Nym6ento.

111



Implementation of Eurocodes Handbook 2
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Puc. 5. VSMEHEHME BEIM4NHBI ), C MUHAEKCOM HAA&XKHOCTH [, Bns BbIGPaHHbIX 3HaUYEHWit ko3 u-

umeHTa Bapnaumm V,, c yuetom sennumtbl (J, pacnpeaeneHHoii no Mymé6ento.

W3 puc. 6 cnepyeTt, uTo NS MHAEKCA HAAEXHOCTM [3 = 3 TEOpETMUYECKOe 3HAYEHME YacTHOrO Ko3ddUUMEHTa

Yo COCTaBNsieT oKono 1. OTo 3HayeHMe O6BACHSETCS TEM, UTO XapaKTepUCTMYECKOE 3HAYeHWe onpeaenseTcs pas-
HbiM 0,98 KBaHTWAM, W KOraa ﬂ =3, 3HayeHue BEUYMHbI Qk npubnusnTeNnbHO PaBHO  3HAYEHUIO

Hbl Qd (6onee noapobHoe 06bSICHEHNE MOXHO MONYYNTH MPY PAacCMOTPEHUM ypaBHeHui (23) u (4)). B npunaraembix

naketax MATHCAD GammaRGQ.mcd MOXHO Nerko HanuTu AOMOMHUTENbHbIE UAC/IOBbIE PacyeTbl, MOCKOJIbKY 3TU A0-
KyMeHTbI OblI COCTaBNeHbI NPU NMOMOLLM BCEX OMUCAHHBIX BbIlE METOLOB BblUMC/IEHUS.

4. 06K cnyyail OLleHKN YPOBHSA HAaAEXHOCTH
4.1 O6wMe nonoxeHns

B rnaBe II «2neMeHTapHble METOAbl OLEHKW KOHCTPYKTUBHOM HaAEXHOCTM I» HACTosLEero pykoBOACTBa Obin
npeacTaBneH NpuUMep, Ha3blBaeMbI OCHOBHbLIM MPUMEPOM OLIEHKM KOHCTPYKTUBHOM HaAeXHOCTU. OH ABNSIETCA Npu-
MEpPOM, B KOTOPOM (hYHKLIUSA NPeAenbHOro COCTOSIHUSE MOXET ObiTh MPEeACTaB/eHa TONbKO ABYMS Cly4YalHbIMU He3a-
BMCMMbIMU NEPEMeHHbIMKU, 0603HaYaoWMMKN 3dEKT BO3AEUCTBMS U HECYLLYIO CNOCO6HOCTb. OCHOBHOW MpUMep
OLIEHKW KOHCTPYKTUBHOWM HaEXHOCTU SIBNISIETCA OY€Hb UHTEPECHBLIM MPUMEPOM WCMOJIb30BaHMS! MOHATUIN HAAEXHO-
CTW, MOCKOMbKY CBSI3aH C MHTYMTUBHBLIMM COOOpaXKeHUsIMKU, U TeM, YTO JI0AW MPUBLIKIM K NPEACTaB/IEHNIO O [N10-
6anbHOM achekTe BO3AENCTBUS U HECYLLEN CMOCOBHOCTM, @ TakKe MU3-3a TOro, YTo CTPOUTbL MPOCTble rpacuyeckue
N306paxkeHns Nierye ToNbKo B hopMaTe ABYX M3MEPEHUN.

OpaHako, K CoXaneHuto, TOMbKO B HEKOTOPbIX Cyyasix 3Ta dyHKUMSA npeaenbHOro COCTOSAHUS MOXET ObiTb npea-
CTaBfieHa B OCHOBHOM NpUMepe, TEM CaMbIM, CBOAS 3aAayy OLEHKW CTEMeHU KOHCTPYKTUBHOW HaaeXHOCTW K MpoCTo-
My COOTHOLLEHUIO Hecylleil crnocobHOCTU U addekTa BO3AENCTBUS C y4aCTMEM COOTBETCTBYIOLMX MepeMeHHbIX. B
60NbLWMHCTBE C/lyYaeB Afist 3TOro NMOHaAobUTCs, NO KpaliHel Mepe, elle HECKONbKO NepeMeHHbIX. B LienoM, Hecylas
CMOCOBHOCTb ABNSIETCS (PYHKUMEN CBOWCTB MaTepuana (-0B) M pa3mMepoB KOHCTPYKLMWU UMM 3neMeHTa, U 3ddeKThb
BO3AENCTBUS 3aBUCST OT PasfINyHbLIX MPUMOXKEHHBIX Harpy3oK, MIOTHOCTU WM pasMepoB KOHCTPykumu. Hecyuas cro-
COBHOCTb U 3heKT BO3AENCTBUS laxe He BCeraa MoryT CUMTaTbCs HE3aBUCMMbIMM, MOCKOMbKY HanpuMep, HEKOTO-
pble pa3Mepbl OKa3bIBAKOT BAMSHAE KaK Ha BO3AENCTBMS, TaK M Ha Hecyllyto cnocobHocTb. Kpome Toro, acdekTs
BO3JENCTBMSI MOMYT 3aBMCETb OT HECYLLEN CMOCOBHOCTM KOHCTPYKUMM Kak eauHOro uenoro (Hampumep, B cryyae
ANHAaMUYECKUX BO3AENCTBUN).

®OyHKUNS NpeaensHOro COCTOSAHUS MOXET 6bITb 3a8aHa cneayowmm o6pa30M:

112



Implementation of Eurocodes Handbook 2

Z(X,,X,,X,..)=0(26)
W B BEKTOPHOM BUAE:
Z(X)=0@7)

roe X = {XI,XZ,X3...} SIBNSETCH BEKTOPOM C/lyYaliHbIX NMEPEMEHHbIX, 3aBUCALUMX OT BPEMEHW, ONpenensio-
WM YHKLUMIO NPesenibHOro COCTOSIHUSI.

B 3TOM cnyyae, Takxe, Z(X) > 0 npeacraenseT obnactb 6e30nacHbLIX 3HauYeHWi, a Z(X) < 0 - obnacTb onac-
HbIX 3HaYeHWi1. BeposSITHOCTb pa3spyLLEHus, B 3TOM Cyyae, MOXET BbiTb BbIUMCIEHA NO CrieaytoLLei popmyne:

P, =Plz(X)<0]=]..] f,(x)dx;
Z(X)<0 (28)

rae f,(X) — cymMapHas MnoTHOCTb pacripefesneHmst BEpOSTHOCTI BEKTOPA MepeMeHHbiX X .

Ecnun Bce nepeMeHHble He 3aBUCAT OT BPEMEHM, BO MHOMUX C/Tydasix Mbl MOXEM MPUHSATbL 3TO MpPeArnonoXeHne B

KauecTBe Hensoxoro npubnvxeHus. CyMMapHasi MioTHOCTb pacrpefeneHns BEpoSTHOCTU BenuumnHbl X siBnsieTca
pe3ynbTaToOM MapriHasbHOM MAOTHOCTM pacnpeaeneHnsl BEpOSITHOCTU KaXkaon nepemMeHHo. CneaoBaTesibHO, ypaB-
HeHue (18) moxeT 6bITb 3anucaHo cneayowmM obpa3om:

P = P[Z(X)< 0]: J.J. le(xl) X2(x2)"'an(‘xn) dx,dx,...dx,,

Z(X)<0 (29

4.2 OCHOBHblEe NepeMeHHble

OcHOBHble nepemMeHHble ABNATCA MMEHHO TEMU BETMYMHAMU, KOTOPbIE MOMOraloT OXapaKTepmn3oBaTb U OnNnucaTb
NoBeAEHNE KOHCTPYKLMU U YPOBEHDb €€ 6e3onacHocTu B YCNoBusax onpeaeneHHoro npeaesibHoro COCToAHus.

MpOeKTUPOBLUMK pacriofiaraeT HEKOTOPOW CTeneHbio cBo60Abl BbIGOpa OCHOBHLIX NepeMeHHbIX. Kak npaBuio, ne-
PEMEHHbLIMU, UCMOSb3YEMBIMU ANSt NPOEKTUPOBAHUS CTaHAAPTHBIX KOHCTPYKLUMI, SBNSHOTCA — pasMepbl, BEC, Harpys-
Ka, MPOYHOCTHbIE XapaKTepUCTMKU MaTepuanos, U T.4. B uenom, paccMaTpuBatoTCs HE3aBMCUMMbIE OCHOBHLIE Nepe-
MEHHbIe, MOCKOsbKY Ntobasi B3aMMO3aBUCMMOCTb CMOCOBCTBYET YCIOXKHEHWIO MPoLecca, U CTaHOBUTCA TPYAHO onpe-
[EeNUTb CTeneHb 3aBMCMMOCTU. OAHaKO, M3BECTHO, YTO HEKOTOPbIE NEPEMEHHbIE, TaKMe, KaK HanpuMep, nepeMeHHble
HanpsHKeHWsl, CUNbl OKaTUS U MOAYNS YNPYroCTM MaTepuana 3aBUCUMMbI, XOTS UX B LIEIOM MOXHO MCMOJb30BaThb Tak,
Kak 6yATO OHU HEe3aBUCUMBI.

[N OLEHKM KOHCTPYKTMBHOMN HAAEXHOCTU HeObXOAMMO CTaTMCTMUYECKM OXapaKTepu30BaTb OCHOBHbIE MEpeMeH-
Hble, T.€. MOMyYNTb, MO MEHbLUEW Mepe, UX (MYHKUMIO pacnpeaenieHuns, napameTpbl ¥ KOPPENSAUMOHHYIO MaTpuly.
MapaMeTpbl pacnpeaeneHuii MoryT 6biTb NMPOaHaNM3MPOBaHbl, UCXOAS U3 AAHHbLIX, U UCMOJb3Ys 0BbIYHbIE CTATUCTV-
Yeckme MeToAbl: MaKCMMasbHOW BEPOSITHOCTU, METOABI MOMEHTOB U T.A. [aHHble A0/MKHbI NOABEpPraTbCs BHUMATEb-
HOMY PacCMOTPEHUIO, AN TOro, YTOBbI UCK/IHOUMTL BbIGPOChI, M3YUUTb TEHAEHUMM U T.4. Fpadurueckoe n3obpaxeHue
A@HHbIX 1 UCTONb3YEMON MOAENN, KaK NPaBusIo, TakxXe NoJE3HO.

PekoMeHZaLMM OTHOCUTENBbHO (YHKLUUIA pacripeieneHnst v X napameTpbl NS CO34aHUS MOAEenei, Kak npasuso,
BCTPEYAIOLMXCS BO3AEUCTBUM U 3HAYEHUIA HeCyllel CrOCOBHOCTW, BIMUSIOWMX Ha KOHCTPYKTMBHYIO HAAEXHOCTb,
npeacTaBfeHsl B pabote [5].

Mpumep 1:
PaccMOTpUM OCHOBHYIO NEPEMEHHYIO U CriedytoLMe 3KCNepUMEHTasIbHbIE AaHHbIE:

NaHHble={1.3,3.2,4.3,1.3,5.4,3.7,3.8,4.0,2.9,3.2,4.5,4.0,3.4,2.4,1.8,1.7,2.2,4.1,2.6,4.1,3.3,
3.5,3.7,2.4,2.8,2.5,3.,3.3,2.6,2.9,2.4,2.6,2.9,2.8,3.1,3.2,3.4,3.5,3.2,3.3,3.};

B cneayroLen Huxe Tabnuue MCNONb3yloTCs pe3ynbTaThl, MOMYYEHHbIE C MOMOLLbLIO NMPUIaraeMoro nakera AoKy-
MeHTOB MATHEMATICA, KOTOpbIV MCMOMb3YeTCs NpU aHanuse pacnpeaeneHuid. bbinn nonyyeHsl cneaytowme cratv-
CTUYECKME XapaKTEPUCTUKN:

KonnyectBo AaHHbIX CpenHee Bapwuaums CraHaapTHoe oTkNoHeHMe  KoadduumeHT Bapuaumm
3HauyeHue
41 3,105 0,700 0,837 0,270

MpeanpvHMMaeTcs NonbiTka KOPPEKTUPOBKM AaHHbIX ANS HOPManbHOro, norapudMmnyeckn HOpMasbHOro M ram-
Ma- pacnpegeneHuid. MapaMeTpbl pacnpeaeneHnii OLEHUBAOTCS Npy MOMOLUM MeToda MOMeHTOB. Mpu MHTepBanax
{1.3-2.3, 2.3-2.7, 2.7-3.3, -3.7, 3.7-4.1, 4.1-6} BbINONHAETCS TECT XM-KBaaparT.
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Ha pucyHKe npeacTaBneHa rmctorpaMmma M pyHKUMS NIOTHOCTU pacnpeaeneHus (B AaHHOM Crlyvae HOpMasbHOro
pacnpeneneHns) BepoATHOCTEN. Pe3ynbTaTbl, MOMyYeHHbIe ANA KaXA0ro U3 pacnpeaeneHuii, nokasaHbl B cneayto-
LiEen HKe Tabnuue.

Twun pacnpeaeneHuns MapameTpbl OueHka MHTepBan AoCTOBEPHOCTU
W %

HopmanbHoe 3,103-0,847 0,612 96,0 - 99,6
Famma 13,40-0,231 1,001 91,0-98,6
JNorapudmuueckn Hopmanb- 1,096-0,268 1,310 86,0-97,1
Hoe

05 normal

0.4 | f

0.3

0.2 ; |

0.1 ‘

HOpManbHOE pacnpeaeneHne

BennuvHa MHTEpBana ypoBHsSI AOBEPUTENbHON BEPOSITHOCTW 3aBUCWT OT APYroi rumnotesbl. Eciv MOMeHTbl pac-
rpeaeneHns BeposiTHOCTEN anpuopu U3BECTHBI, TO YACIO CTeneHel cBo6oabl COOTBETCTBYET YMCIY UHTEPBANIOB MU-
HYC eaMHULLY; eC/iN e MOMEHTbI MOSyYeHbl, UCXOAS U3 AaHHbIX, TO YAC/IO CTeneHel cBo60AbI PaBHSETCS YUCTY UH-
TepBanos MUHyC Tpu. CneaoBaTenbHO, OAHOMY M TOMY XE 3HauYeHUO OLIeHKWM COOTBETCTBYIOT [iBa YPOBHS A0BEpU-
TeNbHOW BEPOSITHOCTY.

MonyyaeTcs, YTo BCe TpW BMAA pacrpedesieHns XOpoLo COBMECTUMbI C AaHHBIMM (HOPMasibHOEe pacnpeaeneHue,
Ka)KeTcsi, MOAXOAMT HaunyywmnM obpasom). MosToMy, HeACHO, Kakoe M3 pacnpeneneHnii AoMKHO BbiTh BbIGpaAHO; Npu
NOCTPOEHUM rPacMUecKoro U306paKeHNUst KyMyNsSTUBHON (BYHKLUMU pacnpeaeneHnst U HaHECEHUM TOYEYHbIX 3Haue-
HUIA JaHHbIX B NPSAMOM MPEACTaB/IEHNM U C APYTMM MAcCLITaboM OpAMHAT B ABOWHbLIX SIOrapuMUYECKUX KOopaWHa-
Tax, MOXXHO B3r/IsIHyTb Ha 3Ty 3aAaqy Nno-HOBOMY.

4.3 Mpo6aema 4yyBCTBUTEIbHOCTU XBOCTA pacnpeaesieHus

PellieHns B CTaTUCTUKE, KaK NPaBWU/o, UCXOAsA M3 «MaTEMaTUUYECKUX 0Ka3aTe/IbCTB» He NpUHUMatoTca. MMnoTtesa
MPUHMMAETCS, €CIM HE MONYYEHO KaKux-NMbOo A0Ka3aTeNnbCTB AN ee OTKIOHEHWs. PacnpeaeneHve BeposTHOCTH,
OTHOCSILLEEC K J060M NepeMeHHON BeNMYMHE, MOXKET OKa3blBaTb CYLUIECTBEHHOE BSIMSIHUE Ha NpearonaraeMble
YPOBHM BEPOSITHOCTU paspylueHus. Kpome Toro, Npu yCTaHOBAEHUM TuMa (YHKUMM pacnpeaenieHns, UMetoLmecs
AaHHble 60MbLUEN YacTblo, KOHEYHO, OTHOCATCA K LIEHTPaNbHOW YacTu pacrpedeneHns, rae Bbibop TOro UM MHOMo
TMNa GyHKUMM pacnpeaeneHns He sBNsSieTCsl 0cob0 3HauMMbIM. [laHHasi npobrieMa HasblBaeTcs «MpobiemMon 4yB-
CTBUTESILHOCTM XBOCTa pacnpeaesieHns».

Puc. 7 npeacTtaBnsieT coboit rpacdmueckoe M306paxkeHne AaHHON NpobneMbl, HA KOTOPOM Tpu yHKUMM pacrpe-
AENEHNs C OAHUM U TEM XKe CPeAHUM 3HAUYEHMEM W CTaHAAPTHLIM OTK/IOHEHMEM, COOTBETCTBYIOLWME Crydato Mprmepa
1 - HopManbHoe, norapudMUYeckn HopMasibHOe M raMMa - pacrnpeaeneHus - NpeacTaBieHbl Kak Ha HOpMasibHOM

LKane, Tak U B ABOWHbIX norapucMmyeckux koopavHatax. (T.e. BblpaXeHne z = —Log(— Log(y)), KoTopoe co-

AepxuTca B pabote Mymbensi, yBennuMBatoLLee LKany BEPXHEr0 «XBOCTa» pacrnpeaeneHus). Ha HopManbHoW Lkane
CYLLECTBEHHOMN pa3HULbl MeXAy pacnpeaesneHus MU HeT, HO eCnin CPaBHUTL C paboToi Mymbens, pasnuuus anst 3Ha-
yeHus 0,95 KBaHTMAM (XapaKTEPUCTUYECKOrO 3HayeHue) He3HauuTeNbHbl, a Ans 3HadeHus 0,999 keaHTMAM (T.e.
pacyeTHOro 3HayeHus) — CylecTBeHHbl. KpoMme Toro, no pabote MNymbens MoXeT NokasaTbCsl, YTO BCe TUMbl pacrpe-
AeneHnii SBNSIOTCS afeKBaTHbIMU pacrpeaesieHNIo TOYEK, C BEPOSITHOCTLIO, MPUHATOM ANs ynopsiaoydeHHoOro Habopa
Touek, paBHON /7 + 1, HO ANS OLEHKM PacyeTHOro 3HayeHns (K NpuMepy, kBaHTUAK 0,999) Heo6XxoaNMO NPOBECTM
3KCTPANoNAUMIO, U TakuM 06pa3oM pasnunume Mexay pacrnpeseneHsM1M UrpaeT BaXkHyo posb. bonee Bbicokas Touka
[aHHbIX COOTBETCTBYET npubansutensHo 0,975 keaHTunwm (1-1/42).
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L 999 -

.99 -

Puc. 7. KymynatuBHasa PyHKLMUA pacnpeaenieHns Ha HOpMasibHOM Wkane u B pabote Nym6ens.

5. MpuMep c apMNpOBaHHOI 6€TOHHO NAUTOMN
5.1 O6wme nonoxkeHus

PaznnuHble NpUHUMMbI PacyeTa, YNOMsHYTbIE Bbille, MOMYT 6biTb NMPOWUIIOCTPUPOBaHLI HA NMPUMepe NpoCcTou ap-
MWPOBaHHOW GETOHHOMN MAIUTbI, UCMOJb3YHOLENCS B OCDMCHOM 34aHWUU. STOT MpuUMep MoKasbiBaeT, KakuM 06pa3oM B
pasfMuYHbIX METoAax NPOEKTUPOBaHWS (METOA AOMYCTUMbIX HampshkeHWW, MeTon obliero koadduumeHTa 3anaca
MPOYHOCTM U METOA YaCTHbIX KO3(MULMEHTOB) UHTEPNPETUPYIOTCS HEONPEAENEHHOCTU OCHOBHbLIX MEPEMEHHbIX C
MOMOLLbIO Bbi6Opa Pas/iMuHbIX BXOAHbLIX (PAaCYETHbIX) 3HAYEeHUM BennuMH. OH Talkoke AEMOHCTPUPYET BaXKHOCTb TEO-
PUM HAZIEXXHOCTM MpK pacyeTe KOHCTPYKLUMH, a TakKe NpenMyLLecTBa METOAA YacTHbIX Ko3(hdULIMEHTOB, OCHOBaHHO-
ro Ha TEOPUM HAAEXHOCTM, MO CPABHEHMIO C APYrMMU METOAAMMU NPOEKTUPOBAHMS.

HekoTopble OCHOBHblE TEPMUHbI (HanpuUMep, HOPMATMBHOE COMPOTMBIIEHUE) U NpoLedypbl pacyeTa, UCMonbaye-
Mble B HAaCTOSILLEM pa3jenie, MoAPOBHO onMcaHbl B pa3nnyHbIX M1aBax HacTosiwero PykoBoacTea 2. HecMoTps Ha 3To,
CNeayoLLyo HUXKE MH(OPMaLMIO MOXHO paccMaTpuBaTb 6€3 NIOrMyeckux 060CHOBaHMIA.

5.2 ApmupoBaHHas 6eToHHas niuTa

MnuTa, cBO6OAHO ornepTas Mo ABYM CTOPOHaM, C ASMHOW MNpofeTa, paBHOM 6 M, MOABEPraeTcs MOCTOSIHHOM
Harpyske (COBCTBEHHbI BEC MAWTbI U APYrMX 3aKPemnEeHHbIX 3/1IEMEHTOB 3/1aHu1s1), KOTOpasi OLEHWMBAETCsl XxapaKTepu-

2

CTUYECKMM 3HAYEHVEM (PaBHBIM CPEAHEMY 3HAYeHWo) g, = 7kN /m~. CornacHo crangapty EN 1991-1-1 [8] mo-

XKET 6bITb NPUHSTO XapaKTEPUCTUUYECKOE 3HAUYEHME MPUIIOKEHHOM Harpysku Ha niowaan ouUcHOro 3aaHus, paBHoe
2 "

q, = 3kN /m”. OpHako M3BECTHO, YTO CpefiHee 3HayeHWe 3TON Harpy3ku COCTABMSIET 3HAUNTENLHO MEHbLLYIO Be-

YMHY, paBHyio npubnuanTensHo 0,8 kN /m’ .

B panbHeleM cnegyeT  ucronb3oBaTh  6eToH  C20/25, WMEIoWMi  HOpMaTMBHOE  COMPOTUBIEHME
for =20MP, (cpennee 3Hauerme pasHo 30 MP,), u cTepxHn apmatypsl Tna S 500 ¢ HOPMAaTUBHBLIM COMPOTHB-
neHnem fyk =500MP, (cpenHee 3HaueHne paBHo 560 MP ). Ncxons w3 paHee MoMyuYeHHbIX AaHHbIX, o6Luast

BbicoTa nauTbl 0,25 M (paboyas BbicOTa NauTel paBHa npnbnusmtensHo 0,25 - 0,03 = 0,22M) 6bina 3agaHa 3apaHee.
C y4yeTOM npeacTaBfeHHbIX BbiWe AaHHbIX CleayeT BbINOHWTL MPOBEPKY TEXHUMYECKOrO 3aAaHust U OnpeaenvTb
nnowaab NAnTbl, NOANEXALLEN apMUPOBAHMUIO.

5.3 PacueTt nnnTbl

CHauyana paccMOTPUM NPOCTON YEepTEX MOMNEpPeyHOro CeYeHUsl MMThbl, BKIOUas YNpOLLUEHHbIE 3Mopbl pacnpeae-
NEHUs HaNPSXKEHWI B OKaTol 30He 6eToHa (MPSAMOYrofibHOM M TPEYrosbHOM) Kak NMokasaHo Ha puc. 8.
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1 0,8bxf. O,befgl
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Puc. 8. PacnpepeneHune HanpsbkeHM B apMMPOBaHHON 6€TOHHOI nauTe.

Korpa paccmaTpvBaeTcsi MpsiMOyrosibHash 3Mtopa HanpshkeHWI, MOXHO 3anucaTb CleAyroLmMe YCIOBUSl paBHOBECUS
(cm. Puc.8):

O,Sfob = Asfy (30)
A f,(d—0,4x)=M (31)
YTo 0603Ha4aloT OCHOBHbIE NepeMeHHble, ucnonb3yemble B ypasHeHusx (30) u (31) oyeBmaHO Ha puc. 8: Benu-

uMHa d — pabouyio BbICOTY, X — FNybUHY HEUTpanbHOM ocu, b — WWpKUHY NAUTLl (NMPUHMMAETCS paBHOW 1M), AS -

rnnowaab apMUpoBaHusi, f, — MPOYHOCTb 6eToHa, 1 fy — MPOYHOCTb apMUpOBaHus (Npeaen Tekydectu). Usrnbato-

LM MOMEHT B ypaBHeHuu (31) 3aaaeTtcs cneayoumm obpasom:

2
v lg+al
8 (32
L o6o3HavaeT AnMHY nNposeTa nanTbl, CBOBOAHO ONEPTON MO ABYM CTOPOHAM.

Mcnonb3ys ycnoBusi paBHOBECUSl, NMpPeACTaB/ieHHble cooTHoweHnsaMu (29) n (30), MOXXHO BbIBECTU C/leaytoLyto
dopmyny nnowaan apMmpoBaHus AS :

(33)

He BaBascb B TexHMYeckue noapobHOCT, HeOH6X0AMMO 06paTUTb BHMMaHME Ha TO, YTO ypaBHeHue (33) MoXeT
6bITb MPUMEHEHO Ans NPUBAMXKEHHOW OLEHKM B MeToze obLiero koadduumeHTa 3anaca NpoYHOCTM M METOAE YacT-
HbIX KO3(PULMEHTOB. 15 HEO6XOAMMBIX PaCcyYETOB MOXHO MCMOJb30BaTb NpuiaraeMble K PyKOBOACTBY AOKYMEHTHI
EXCEL RCBeam n MATHCAD RCBeam.

B knaccmuyeckoM mMeToae AOMYCTUMbIX HanpsiXeHW paccMaTpUBAETCsl TPEYrosbHbIN 610K CO CKUMAIOLWMM Hanpsi-
XXEHWEM B CKaToi 30He 6eToHa, KOTOPOI MokasaH TakXke Ha puc. 8, 1 NMHelHas auarpaMmma 3aBucuMocTy aedopma-
LMK OT HanpsbkeHus. lNnowaab apMrpoBaHns AS MOXeT 6bITb BblUMCIIEHA C UCMOMb30BaHUEM MpUIaraemMoro AOKy-
MeHTa MATHCAD RCBeam.mcd, KOTOpbI cofiepXuT 6onee noapobHble pacyeThl.

CnepyeT 06paTvTb BHMMaHWE Ha TO, YTO A0 HACTOSILLEro BPEMEHW OCHOBHbIE MepeMeHHbIE PpacCMaTpPUBANUCh Kak
AETEPMUHMPOBAHHBIE BENMUMHBI 6€3 yueTa Kakux-nMbo HeonpeaeneHHOCTEN, KOTOpble MOMyT OKasblBaTb MOTEHLW-

anbHOe BMSIHUE HA CBOW (hakTUyeckue 3HaueHus. OAHAKO LUMPOKO M3BECTHO, YTO HEKOTOPblE OCHOBHbIE NepeMeH-
Hble, BXoasluMe B ypaBHeHMe (31), MOryT UMETb 3HaUUTENbHbIN pa3bpoc (0CO6EHHO BO3AEMCTBME HArpysku (U3ru-

GatoLLMit MOMEHT) M, NPOYHOCTb BETOHa £, ¥ MPOYHOCTb apMUPOBaHMSI fy). C Apyroi CTOpOHbI, reoMeTpuyeckme

napametpbl A , bu d, KaxeTcs, ABAAIOTCA 3HAUUTENLHO MEHee HeomnpeeneHHbIMI (MOYTHU MOCTOSIHHLIMU UK Ae-
TEPMUHUPOBAHHBLIMMU).

[insi nonyyeHusi Nepeoit OLeHKK nnowaam A, MOXHO B3ATb CpeaHue (YCPeaHEHHbIE) 3HAaUYEHNsi BCEX OCHOBHbIX

YYaCTBYIOLUMX MEPEMEHHBIX. HTYUTMBHO CTAaHOBUTCS MOHSATHO, YTO 3TO, BO3MOXHO, He 0becneunT AoCTaTouHO 6e3-
onacHbIX MokasaTeneil, U BMECTO CPeAHWUX 3HAYeHuWii crefyeT MPUMEHSITb «3HayeHus!, B3sTble ¢ 3anacoM (besonac-
Hble)». B Tabnuue 1 npeacTaBieHbl cpeHue 3HaUYeHUs! Hapsiay CO 3HAUYEHMSIMU OCHOBHbIX MEPEMEHHbIX B TOM BUAE,
B KOTOPOM OHW MCMOSb3YIOTCS NPYU NPOBEAEHUN PAaCYETOB, COMTaCHO NpaBuiaM OMNUCaHHbIX BbilLe METOAOB.
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Ta6nuua 1. BxogHble pacueTHble (XapaKTepucTUUecKue) AaHHble Mo Harpy3kaMm U NpoYHOCTU MaTe-
pUanoB Ans pacyeta KOHCTPYKLMU C UCMO/Ib30BAaHUEM Pa3/INUHbIX METOAOB pacyeTa.

MeToa pacyeta

OcHoBHasi nepeMeHHas CpenHee [JonyctuMble O6wmi YacTHbli
3HaYeHNe  HamnpsHKeHus KO3(PUUMEHT KO3 PUUNEHT
3anaca NpoYHoCcTu

MocTosiHHas Harpyska g[kN / mz] 7 7 7 9,45
MpUAOXeEHHAs Harpyska q[kN / mz] 0,8 3 3 4,5

MpoyHOCTL 6ETOHa Ha CkaTHe fc[MPa] 30 55 20 13,3
MpOYHOCTb apMaTypbl Ha pacTshkeHue fy [MPa] 560 275 500 435

[JaHHble Tabnmubl 1 NoKasblBalOT YETKOE Pa3fnuMe Mexay paccMaTpuMBaeMbiMM MeTodaMu pacdeta. Hanpumep,
BXOZIHbIE 3HAUEHWS MOCTOSIHHOI Harpysku g , UCMOMb3yeMbIE MPU PacyeTe KOHCTPYKLWUM COrNlacHO MeTody AomnycTu-

MbIX HanpsbkeHni 1 MeTody oblLero KoadduLMeHTa 3anaca NPoYHOCTH, paBHbI cpeaHeMy 3Hadenmio (7 kN /m”), B
TO BPEMS KaK pacyeTHOe 3Ha4eHVe Mo MeTofy YacTHbIX KoadduumeHTos (9,45 kN / m2) ABNAETCS NPOU3BEAEHUEM
XapaKTEepUCTUYECKOrO 3HAYEHMS U 3HaYeHUs HacTHOro koadduumenta ), =1,35. PacyeTHoe 3HaueHne NpUoXKeH-
HOWi Harpysku ¢ , CMoNb3yeMOe MpU pacyeTe KOHCTPYKLUMM B COOTBETCTBUM C METOAAMM AOMYCTUMBIX HANpshKeHWI 1

2
obuiero Ko3dduUMeHTa 3amaca NpPOYHOCTM PaBHO XapaKTepucTuueckoMy 3HaudeHwio (3AN /m”),B To Bpems Kak
2
pacueTHoe 3HaueHne (4,5kN/m”) B cOOTBETCTBAM C METOAOM HaCTHbIX KO3(PMULMNEHTOB PaBHO NPOU3BEAEHMIO
XapaKTep1CTMHECKOro 3Ha4eHMs! Ha 3HaueH1e YaCTHOro koadduLmenTa ), =1,5.

BXoaHble 3HaueHWsi MPOYHOCTU BETOHa Ha OkaTue f,, UCMOMb3yeMble B PasfuuHbX METOAAX pacyera, Cylue-
CTBEHHO OT/IMYAIOTCS OT CPEAHEro 3HaueHwst 3Ton BenmumnHbl (30 MPa ). 310 e xapakTepHO M 4SS 3HAYEHWIA
MPOYHOCTM apMaTypbl Ha pacmx(eHmefy. 3HauyeHust AOMYCTUMbIX HaNPsHKEHWI, ykasaHHble B Tabnvue 1, npeacras-

NeHbl B CTaHAapTax Mo MPOEKTUPOBaHMIO KOHCTPYKUMIA. OUEBMAHO, YTO 3TW 3HAYEHUSI CyLLECTBEHHO HUXE CpefHero
3HaYeHusl, MOCKOSbKY MPeanonaraeTcs, YTo B HUX YYTeHbl BCE HEOMpPeAeNeHHOCTH, BKoYas 3HAYEHUs! Harpysok.
BxoaHble 3HAa4YeHUs MPOYHOCTV B MeTofe obliero KoadduumeHTa 3anaca NPOYHOCTM PaBHbl XapaKTEPUCTUYECKUM

3HaUeHUsM. B MeTo/le YaCTHbIX KOI(PMULIMEHTOB pacyeTHOE 3HadeHne NpouHocTn 6etoHa 13,3 MPa nonyyeHo npu
MOMOLLM [IeNeHns XapakTepuctuyeckoro 3Hadennst 20 MPa Ha 3Hauenne uyacTHoro koadduumeHta y,, = 1,5.
AHanornyHbIM 06pasoM, pacyeTHoe 3HaueHne nNpoyHocTu cranu 435 MPa nonyyeHo NocpencTBOM [eNeHUs Xapak-
TepucTuieckoro 3Hadenust 500 MPa Ha 3HaueHne yacTHoro koadduumenTa ,, =1,15. cnesyeTt 06paTuTL BHUMa-

HWe Ha To, 4To koadduUMeHT 1,9 ncnonbayetcs Ans ycunenus addexta Harpy3ku (usrmbatowero momenta M)
Korza Metog obuiero koachduumeHTa UCNonNb3yeTcs A1s OnucaHus niowaan apMMpoBaHust AS .

Pe3ynbTupylolwme 3HadeHuss Molaan apMUMpoBaHUs, MOJyYeHHble ANs BCEX METOAOB PacyeTa W YNoMsHyTble
Bblllle, yKa3aHbl B Tabnuue 2.

Ta6bnuua 2. XXene3o6eToHHas NinTa, cB0604HO onepTas No AByM CTOPOHAM, CIPOEKTUPOBaHHas C
MCNONb30BaHMEM Pa3/IMYHbIX UCTOPUUECKMX METOAOB, C 3aAaHHON AIMHOI nponeta L =6M, BbICOTOW A

=0,25M (d =0,22M) 1 3HAYEHUsIMK HArpy3kn g, =7 kN /m?, q, = 3kN / m* (cpenHee 3HaueHne 0,8
kN /m?*), €20/25 ( f.. = MPa , cpepnee 3nauenne 30 MPa), 4« =500 MPa (cpepnee sHauenne

560 MPa).
Merog pacyera M[kNm] Am’ uM [kNm] Y p,
CpenHee 3HauyeHue (oTBneveHHas Benuun- 35,1 0,00038 35,10 0 0,5
Ha)
[JonycTtuMble HanpshkeHus 45,0 0,00204 228,9 8.0 8.0 0,44x10-16
O6wmit  koahdMUMEHT 3amaca npoyYHocTn 45,0 0,00082 97,4 5,0 5,2 0,32x10-7
( So =1,9)
Metoa uyacTHbix KoadduumerHtos (Espo- 62,8 0,00069 82,4 4,2 0,12x10-5
nenckuin KOMUTET MO  CTaHAApTU3aUMW,
CEN)
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Mpunaraemble gokyMeHTbl EXCEL RCBeam 1 MATHCAD RCBeam MOryT MCnonb30BaTbCA ANS NPOBEPKM pe3ynbTu-
PYIOLMX AaHHBIX, NpUMBEAEHHbIX B Tabnuue 2. B 3TUX AOKyMeHTax TakxXe coaepXuTcs noapobHoe onucaHue npume-
HSeMbIX npoueayp pacdyeTa.

M3 Tabnuubl 2 cnegyeT, YTO pe3ynbTUpYoWmMe 3HaYeHNs MIOWaan apMMPOBaHUS BApbUPYIOTCS B LUMPOKOM Aua-
nasoHe, OT As =0,0038M? (OLEeHKa CpefHero 3HaueHus) [0 AS = 0,00204Mm? (oLeHKa METOZOM AOMYCTUMBIX Hanps-

XeHuit). Hanbonee LenecoobpasHoi C SKOHOMUYECKON TOYKWU 3PEHUs NPOLIEAYPON pacyeTa SIB/SETCS pacyeT MeTo-
[IOM YaCTHbIX KO3(MULIMEHTOB, KOTOPbIA NPUBOAWT K MOMYYEHUIO CaMbIX HU3KUX 3HAYEHWI NoLWaaM apMUPOBaHWS

A =0,00069m.

5.4 OueHKa HaAeXXHOCTH

PacnpeneneHvie Hanps»keHU B NPSIMOYTOfbHOW (AEKApTOBOM) cMCTEME KOOpAMHAT (MokasaHHOe Ha puc. 8), npu-
HATOE NPV MPOEKTHLIX pacyeTax CornacHo MeToAy obuero kosdduumneHTa 3anaca NPOYHOCTU UM METOAY YacTHbIX
K03(pULMEHTOB, ABNSETCS MPUEMNIEMBbIM CNIOCOGOM OLIEHKN HafEXHOCTW MWUTbI, CMPOEKTUPOBAHHON MpK MOMOLLM
ntoboro MeToza pacyeTta, KOTOPbIN BKIOUAET B cebs TPeyronbHyto 3Mopy HanpskeHui). Takum obpa3oM, yunTbiBast
YCNOBUSI paBHOBECUS, UCMO/b30BaHHble B BblpaxeHusix (30) u (31), dyHKUMSA npeaenbHOro COCTOSAHUS MOXET 6bITb
3anvcaHa B ciefyiollem Buae:

Af,

_AJy CAS ) (g+l
20f,

2bf, 8

(34)

Z(X)=4,f, -M =A4f,

Ncxops v3 yHKUMM NpeaenbHOro cocTosHus (34), MHAEKCH HAAEXHOCTU [ 1 BEPOSITHOCTb PaspylueHus p 7 Mo-

ryT 6biTb BblYMCIIEHbI MPU MOMOLM MMELWMXCS Ha pbiHke nporpamM VaP [9], COMREL [10] wnn MATHEMATICA
notebook FORM.nb. TMpuBamkKeHHas OLEHKa MHAEKCA HAAEXHOCTU 3 W BEPOSITHOCTW paspylueHus p I (c npuemne-
MblM YPOBHEM TOYHOCTM) MOryT OblTb MOMAYyYeHbl MPU WUCMONb30BaHWM MpUNaraeMoro MporpaMMHOro nakerta
MATHCAD sheet RelRCB, B KOTOpPOM MCNONb3yeTcs NpocTas npoueaypa YMCNEHHOrO MHTerpupoBaHus. Mcyepnbisa-
towmin aokyMmeHT MATHCAD sheet RelRCB cHabxeH nosicHeHusiMM (BKJTHOHasi MHGOpMaLMio 06 UCXOAHbLIX TeopeTuye-

CKMX MOAENSAX OCHOBHbIX MEPEMEHHbIX) U MOHATEH 63 AOMOSHUTENbHBIX PasbsCHEHMWIA. MoapobHoe onucaHue npu-
MEHSIEMBIX YMC/IEHHBIX METOZOB MPEeACTaB/eHo B APYruX rnaBax HacTosulero PykosoacTea 2.

Pe3ynbTUpyloLME 3HAYEHUS MHAEKCA HAAEXHOCTU [ 1 BEpOSITHOCTU paspylueHus p ,yKasaHbl B Tabnuue 2.

Mcnonb3oBaHWe MeToAa YacTHbIX KO3(PMUUMEHTOB NMPUBOAMT K MOMYYEHUIO 3HAYEHWUS] YPOBHSI HAAEXHOCTW, Bblpa-
YKEHHOMO COOTHOLLIEHMEM ,6’ =4,2 (Npn BEPOSTHOCTM pa3pyLUeHus paBHol 1,2 X 10™), koTopoe oyeHb 6IM3KO K 3Ha-
ueHnio [F =3,8 (Npu BEPOSTHOCTU paspyLueHnst paBHoit 7,2 X 107°), pekoMeHayeMoMy cTaHaapToM EN 1990 [1]. Mpu
ncnonb3oBaHuM Metoga obulero koadduumeHTa 3anaca NPOYHOCTM MOXHO MOSYUNTb pacyeT C HECKObKO 60MbLUMM
3anacom ( [ =5) (cM. Tabnuuy 2). OAHAKO, METOA AOMYCTUMBIX HAMPSXKEHWIA, NO-BUAMMOMY, MPUBOAUT K CO3AAHMIO
pacyeTa, [OCTAaTOYHO HEBLIFOAHOrO C SKOHOMUYECKOWN TOYKU 3peHust ( ﬂ =8). O4eBnaHO, YTO «METOA CpeaHero 3Ha-
YeHMWs» OKa3blBAETCS HenpueMaeMblM, MOCKObKY MPU UCNOMNb30BaHNM 3TOr0 MeToAa NoMy4vaeTcs caMoe HWU3Koe 3Ha-
YyeHue nnowaan apMmMpoBaHus AS =0,00038M? (ToNbKO MpYW MpoLieHTe apMuMpoBaHus pasHoM 0,0022), COOTBETCTBY-

towee [ = 0 1 BLICOKOI BEPOATHOCTU paspylueHns p =0,5.

6. O6WKi cnyyai OLleHKN BepPOSTHOCTU pa3pyLueHUsl KOHCTPYKLUU
6.1 O6wmMe NoNoXKEeHns

CyLlecTByIOT pasfiyHble MeToAbl OLUEHKWM BEPOSATHOCTU pa3pyLUeHWUs KOHCTPYKLUWU B obem cnydyae Hanunyua
6onbLUero konmMyecTea NepeMEHHbIX:

. AHanuTnyeckuit: ToNbKO B HECKONIbKUX OYEHb NPOCTbIX Cny4dasaX MOXHO NpuATU K aHalIUTUYECKU NpaBUb-
HOMY peLleHWI0. ITO 3aBUCUT OT BEKTOpa MepPEMEHHBIX, KOTOpble AO/KHbI 6bITb HE3aBUCUMbIMU, N UMETb
HOpManbHOE pacnpeaeneHne, a Takxe oT obnactu NPEAENBbHOINo COCTOAHUA, KOTOpas AOJKHa OrpaHu4yun-
BaTbCA rMNepnjoCKOCTAMN. STOT METOA He MOXET paccMaTpuBaTbCsa B Ka4ecTBe obuwero peLweHns.

e YucnoBoii: ITOT METOA SABMSETCH TOUYHLIM PELIEHWMEM B TOM CMbIC/IE, YTO Mbl B MPUHLMMIE MOXEM MOMYYMUTh
TOT YPOBEHb TOYHOCTM, KOTOPbIN HaM HeobxoauM. MpocToe npasuio Tpaneuuin Npyu MHTErpupoBaHuK, B Lie-
JIOM, AQET XOpOoLWIMe pe3y/bTaThl, MpW YCI0BUM CyLLECTBOBAHWUSA HE C/IULIKOM 6OSbLIOMO KOMMYECTBa nepe-
MEHHbIX (4 unn 5). CNOXHOCTb MHTErpUpPOBaHUS YBENMYMBAETC B FEOMETPUYECKON MPOrpeccum ¢ Konuye-
CTBOM Y4acCTBYIOLLMX NMEepPEMEHHBIX.

e  MeToabl MoHTe-Kapno: MogenupoBaHue no Metogy MoHTe-Kapno ocHOBaHO Ha CnydaiHol Bblibopke nepe-
MEHHbIX W BK/tOYaeT B cebs BbiNonHeHMe 60MbLIOro YMCIa UCKYCCTBEHHBIX 3KCNEPUMEHTOB. B HacToswee
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BpeMs MeToa MoHTe-Kapno Mcronb3yeTcs Bce Yalle, MOCKOSIbKY MOsSIBUIUCE 6osiee MOoLHbIE M 6biCTpble
KOMMbloTepbl. Mcnonb3oBaHue 3Toro Metoda 6e3 cinenoBaHWst HEO6X0AMMBIM MpaBWiaM BEAET K BO3HWKHO-
BEHMIO TPYAHOCTEN, OMMCaHHbIX Bbllle. Bo n3bexaHne 3TUX TPYAHOCTEN WUCMOMb3YIOTCA METOAbl YMeHbLLe-
HMA Bapyauuin 1 METOAbI OLIEHKU 3HAUMMOCTY.

e MeTtoabl HagexHocTn nepeoro n BToporo nopsaka (FORM n SORM): 3Tu Metoabl anmnpoKCcMMauun gatoT
UTEPATMBHbIE aNIrOPUTMbl AN BbIMMCNIEHUS UHAEKCA HAAEXHOCTU, U UCNOSIb30BAHUEM NIMHENHOIO UK KBas-
paTu4yeckoro I'IpVI6J1VI)KeHVIFI K MOBEPXHOCTU NpeaenbHOro COCToAHUA B TOYKeE, HaXOAHMGVICﬂ Ha MUHUMaAlb-
HOM PacCTOSIHUM K CPEAHEN TOUKE MepPEMEHHBIX.

6.2 MeToabl HaaeXXHOCTU nepBoro n BToporo nopsaaka (FORM n SORM):

Xaccocbep n JlinHg pa3pa60TanM a/IlfOPUTM UHBAPUAHTHOIO NOCTPOEHUA q)YHKLI,MM npefenbHOro cocrosHus. Ans
nosly4YyeHnsa 3HavyeHnsa nHaekca HaaeXXHoOCTU Heobxo0anMMo npuaep>XxXmBaTbCa CneAytowero nopsaka LEeNCTBUIA:

1. Onucatb QyHKUMIO NpeaenbHOro COCTOSHUS.

2. OnpepenuTb CTaTUCTMUECKUE XapaKTEPUCTUKN OCHOBHbIE NMepeMeHHbIE; T.e. CpeHee 3HauYeHWe, CTaHAapTHOe
OTK/OHeHWe, YHKUMIO pacrnpeaeneHnst U KOpPpensiLMOHHY0 MaTpuLly.

3. MNpeobpazoBaTb HAOOP OCHOBHLIX NEpPEMEHHLIX B HABOP HE3ABMCUMbIX NepeMeHHbIX (Hanpumep, METOAOM npe-
obpa3oBaHusi Po3eHbnaTTa).

4. CTaHaapTM3npoBaTh Habop OCHOBHbIX NMepeMeHHbIX Mpu nomoLwm npeobpasosanus X —> U, utobbl
EWU)=0, u CoV|U,U"|=1. 35)

5. Bblumcnutb ANvHY BEKTOpa MWHWMASIbHOrO pPacCTosHUMSA OT HOBOM WMCXOAHOM TOYKM [0 KacaTeslbHoM rmnep-
NIOCKOCTU NOBEPXHOCTU NpPeAesIbHOro COCTOAHUSA, OTHOCALLENCS K HOBbIM NnepeMeHHbIM, B TOUKE nepeceyeHnda 3Toro
BEKTOpPA C NOBEPXHOCTbIO NMPEAENIbHOIO COCTOAHUA.

6. Onpenenutb npoekTHylo Touky (X, X,,,... X,

n

4) W KOI(POULMEHTbI YYBCTBUTENBHOCTH, &,Q,...K,,a
WUMEHHO eANHNYHbIE KOCUHYCbI 3TOrO BEKTOPA.

Ha puc. 1 nokasaHa 061acTb OCHOBHOIO MpuMepa, TOSIbKO C ABYMsi NepeMeHHbIMU: 3cdhekTa BO3AeNCTBUS U He-
Cywel crnocobHOCTM. McxoaHas Touka BekTopa /F COOTBETCTBYET TOUKE CPEAHEro 3HaueHus nepeMeHHbix X , T.e.

(Myys Hyysee My, ). BEKTOP MUHMMANBHOMO PaCcCTOSHUS OT 3TO TOUKM A0 MOBEPXHOCTU MPEAENbHOTO COCTOSIHMS
NepneHANKYNSPEH TMNEPNIOCKOCTM (MpsiMast IMHUS B Cllydae ABYX NEPEMEHHbIX), KacaTeNbHOW K MOBEpXHOCTU npe-
[€NbHOrO COCTOSHUS B MPOEKTHOM TOUKe (X, X, 5..-X,,; ). KOSDOUUMEHTbI UYyBCTBUTENBHOCTU (X XapaKTepu3yioT

B/IUSIHWE COOTBETCTBYIOLLEN NEPEMEHHON HA 3HAUYEHWsI BEPOSITHOCTU paspyLUEHMS.

KoathdurumMeHTbl YyBCTBUTENBHOCTU MOTYT ObiTb NPEACTAB/IEHI B C/IEAYIOLLEM BUAE:
&2

| <1;% af =1 (36)
1

Kak npaBuno, 3T 3Ha4eHunsa ail'lpVIHVIMaIOTCﬂ NOJIOXKUTENIbHbIMU, €C/M OHU OTHOCATCA K nepeMeHHon HGCyu.l,GI?I

CI'IOCO6HOCTVI, N OTpUUaTENbHbLIMN, €CNTN OHN OTHOCATCA K NEPEMEHHbLIM Bd)qJEKTa BO3AENCTBMS.

Korga noBepXHOCTb MPEAEenbHOr0 COCTOSIHUS MMEET 3HAUMUTENbHYI0 HETMHENHOCTb, MOrPELHOCTb, MPU KOTOPOK
MPOUCXOAUT 3aMeHa MOBEPXHOCTU Ha KacaTesbHYH MMMepn/iocKOCTb B 3TOW TOUKE, MOXKET UrpaTb BaXKHylO posb. B
NoAOGHBLIX Cy4Yasx, MeHbLUasi MOrpeLHOCTb MOMYYaEeTCsl, eCNM NOBEPXHOCTb MPEAEnbHOr0 COCTOSIHMS 3aMeLLaeTcs
KacaTeslbHOM KBaApaTUYECKOW MOBEPXHOCTbIO. TO €CTb UCMOMb3YeTCs KBaapaTMUecKuid unieH psaa Tainopa. B atom
Cnyyae, METOA Ha3blBAeTCsl METOAOM HAZEXHOCTU BTOPOro nopsigka (SORM).

Kak 6bl710 yKa3aHO BbILIE, MHAEKC HALEXHOCTU 3 1 BEPOSTHOCTb paspylieHus p 1 CBSI3aHbI CreqytoLei dopmy-
nomn:
. — ™! .
Pf - q)(_ﬁ)o ﬂ =0 (1 - f)f): (37)
rae ®(-) obosHauaeT cTaHAaPTHOE HOpManbHOE pacripeaesneHie, a o (+) - ero nHBepcyio.

Mpumep 2
a) Pacuer ctanbHou 6anku

CBo6oaHo oneprtas 6anka: Tun IPE 240 S235
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g q

1 1

Mnowaas nonepeyHoro cevenmns: A = 39,12 x 107 M2

[OnvHa nponeta L = 6,0m

YnenbHas pa6ota gedopmaummn, W= 3243 x 10° 3
Mpepen TekyyecTy fy =235 MP,

BozpeicTaus:

MocTosHHas Harpyska: g, = 7,0kN/m
MepemeHHast Harpyska: ¢, = 3,0kN/m

DYHKUMA NPEAEBHOMO COCTOSHNS

Z(X)=6, W-f,-0,(g+q)l’ /8

B npuBeaeHHOM Huxxe Tabnuue BCe NepeMeHHbIe OMMCaHbl MPY NMOMOLLUM CPeAHEro 3HaYeHWs, CTaHAapTHOro OT-
KIIOHEHUs1 1 yHKUMKM pacnipeaeneHus (cMm. Takxke [5]):

MNepemeHHas YcnoeHoe 060- CpegHee 3Ha- CTaHAapTHoe OTKIOHe- DyHKUMS pacnpeaeneHus
3HayeHve yeHue Hue

[nvHa nponeta L [M] 6 0 [leTepMMHMpOBaHHas

YnenbHas pa6ota aedop- W [M°] 3243 x10°® 0 [eTepMMHMpoBaHHas

Maumm

Mogenb Hecylleit cnocobHo- 91 [-] 1 0,1 JNorapudpmmyeckm Hop-

cTn MasnbHas

YCnoBHbI Npeaen Tekyde- f [MP ] 280 19,6 Jlorapugmmnuecku Hop-

ct™ Y ¢ MasibHas

Mogenb 3ddekTa Bo3aen- 92 [-] 1 0,2 Jlorapugmmnyecku HOp-

cTBUA MasnbHasl

MNocTtoaHHasa Harpy3ka g [kN/mz] 0.007 0.007 x0,1 HopmanbHas

MNMepemMeHHas Harpyska gl kN / m2] 0.0008 0. 0008x0,6 Mo M'ymbento

Mpu nomowm MATHEMATICA notebook Form.nb u naketa Level II.m. 6binv nonyyeHbl cnegytowme pe3ynbTaThl:

BapuaHT a: Pe3synbTaTthl

NHAaekc HagexHocTu: ,b' = 3,82; BeposaTHOCTb paspyLleHus: CD(— p ) =6,67x107

MNepemeHHas 91 ﬁ 92 g q
KoadhduumeHT 4yscTBuTENbHO- -0,392 -0,275 0,778 0,304 0,270
cTn

Mcxoasa w3 3Tux pe3ynbTaToB, CTAHOBUTCS MOHSATHLIM, YTO MHAEKC HAAEXHOCTM MMEET AOCTaTOYHO TOYHOE 3Ha-
YeHWe, U YTO NpeaebHOE COCTOSIHUE SIBIISIETCS OYEHb YYBCTBUTE/bHBIM K HEOMPEAENeHHOCTV MOAENM BO3AENCTBUN
(koadhpurumeHT BNnsiHMUSA coctasnsiet 0,778).

BapuaHrT 6:

MpeanonoXmM, YTo Mbl MOXKEM M3yUnTb BO3AENCTBUS 6osiee NoapobHO, U YTO B UTOrE Mbl MOJyYaeM pesynbTarT,
MpyM KOTOPOM CpPeAHEee 3HayeHMe M BapuauMu BO3LEMCTBUIA OCTAlOTCS MPEXHUMM, HO Afs AQHHOrO Cllydyasl Mbl
YMEHbLUWAW BENMYMHY HEONPEAENEHHOCTM MOAENN U NOMYyUYNUn Ko3phULUMEHT Bapuaumn, paBHbiit 10%.

Mopnenb addekTa BO3AeNCTBUS 192 [-] 1 0,1 Norapudmmnueckn HopMasbHas
BbIMOMHMB HOBbIN pacyeT C HOBbIMW 3HAYEHWUSIMU, Mbl NOYYaEM:

NHAeKkc HagexXHOCTu: ,B =5,04; BeposaTHOCTb pa3pyLueHus: q)(— [3’ ) =2,37x107
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MepemeHHas 6, £, 0, g q
KoadhduumeHT yyBcTBUTENLHO- -0,505 -0,354 0,505 0,332 0,503
CTH

M3 Tabnuubl cneayeT, 4TO KO3(PGULMEHTbI BAMSHUS SIBASIOTCS 60Niee ypaBHOBELUEHHLIMU, MPU 3TOM WMHAEKC
HaAEeXHOCTN MMEET [OCTAaTOYHO BbICOKOE 3HayeHue.

BapuaHT B:
Hanpumep, Mbl MOXXEM YMEHBLUWUTL CEYEHUE CTaNlbHOro NPOdUILHOrO NucTa. B 3ToMm cnyyae:
HoBblit cranbHoit npodune: Tun IPE 220, W =252cm®

Monyyaem cneaytolime pesynbTaThl:

WHpexc HagexHocTn: [3 = 3,74; BeposiTHOCTb paspyLueHus: (D(— p ) =9,29x10°

MNepemeHHas 91 fy 92 g q
KoachduumeHT yyBcTBUTENLHO- -0,524 -0,367 0,524 0,383 0,411
CTH

Mpumep 3

PaccMOTpUM NAUTY M3 NpuMMepa, ONMUcaHHOro B pasaene 5 (cM. puc. 8). U3 ycnosus paBHOBECUS 6bI10 NOSyYeEHO:

0.8/ xb=Af,
Af,(d-04x)=M

Mcxoas U3 ycrnoBuiA paBHOBECUS!, OMUCaHHbIX BblpaxkeHusaMu (30) u (31), 1 yunTbiBasi HeoNpeaeneHHOCTb Moae-
neit Hecyulen cnocobHocTy, 491 , W Mofienel BO3aencTaui, 6’2, MOXXHO BbIBECTW CrieaytoLyto dopMyny, XxapakTepu-
3ytoLLyto GyHKLUMIO NpeaenbHOro COCTOSHUA:

Af,
2fb

B cnegytoweid Tabnuue nokasaHbl MepeMeHHble, MoyyYeHHble npu pacdete no MATHEMATICA notebook
FORM.nb:

g(X)= 91Asfy(d - J— 0,(g+q)*/8

MNepemeHHas YcnoBHble CpenHee 3Haye- CTaHgapTHoe OyHKUMa pacnpegene-
0603HayeHnss Hue OTKJIOHEHUNE HUS

Mogenb HecyLueln crnocobHoCTU 0 [-] 1 0,1 Jlorapudpmuueckm

! HOpMasbHas
MNpenen NpoOYHOCTM apMaTypbl Ha pas- f [MP ] 560 30 JNorapvdmmyecku
pbiB Y “ HOpMasibHas
Mnowaab apMmMpoBaHus A [mZ] 0,00069 0,0000345 HopmanbHas

N
Pabouas BbicoTa d[m] 0,23 0,01 HopmanbHas
MpouHocTb 6eTOHa Ha CxaTuhe f. IMP.] 30 55 Jlorapugmmyeckm

¢ “ HOpManbHas
Mogenb Harpysku 0, -] 1 0,2 Jlorapudmmuecku

2 HopMasbHas
MoCTOsHHas Harpy3ka g[kN/mz] 7 0.7 HopManbHast
MpUnoXeHHas Harpyska q[kN/mz] 0,8 0,48 raMma
AnuHa nporneta L[m] 6 - [eTepMUHMpOBaHHast

PesynbTaThl:

NHAaekc HagexHocTu: ,b’ = 3,56; BeposaTHOCTb paspyLueHus: CD(— p ) =1,87x10*

s

91 A ]Fy d f;‘, 92 g 4

MNepemeHHas
KoachduumeHT uyscTButens- -0,383 -0,193 -0,201 -0,177 -0,018 0,761 0,300 0,274
HOCTH
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Mcxoasa v3 3Tux pe3ynbTaToB, MOXHO CAenaTb Creaylowme BblBOAbl: MHAEKC HAaAEXHOCTU HECKOMBbKO HUXKE; KO-
3DOULMEHT BNUAHMS HECyLel crnocobHocTn 6eToHa fC NPakTUYeCKn paBeH HYNK, ero MOXHO paccMaTpuBaTbh B

KayecTtse D,ETepMVIHMpOBaHHOﬁ BE/TNYUHDI, HE BMSIIOLLEN Ha pe3ynbTaThl; @ BENNMYNHA HEONPEAENEHHOCTU BO37eW-
CTBMI OKa3blBAET MaKCUMasIbHOE BAMSIHUE,

BapuaHT 6:

BbINOMHEH HOBbIN PACUET, YUMTHIBAIOLMIA YMEHBLIEHHYIO HEOMPEAENEHHOCTb MOAENN HArpy3Ku:

Mogenb Harpysku 92 [-] 1 0,1 Jlorapudmmnyeckn Hop-
MasibHas

PesynbTaThl:

WHpekc HagexHocTn: 3 = 4,63; BeposiTHOCTb paspyLueHus: (D(— p ) =1,82x10°
MepemeHHas 91 A fy d fc 92 g q

s

KoadduumeHt  yyscteu- -0.500 -0,259 -0,263 -0,235 -0,023 0,500 0,347 0,431
TENBbHOCTU

BapuaHT B:

B 3TOM cnyyae MHAEKC HAAEXHOCTN HECKOSbKO Bbllle. YMEHbLIMB nonepeyHoe cedeHne CTep)KHEﬁ apMmaTtypbl, No-
Ny4aem:

MnoLasb apM1poBaHWst 4 [mZ] 0.00059 0,00059x0,05 HopManbHoe
Mogaenb Harpysku 92 [-]1 0,1 Jlorapudmnuecku
HopMasnbHoe
PesynbTaThl:

NHAekc HagexXHOCTu: ﬁ = 3,86; BeposaTHOCTb pa3pyLueHus: q)(— [3 ) =5,61x10”
[NepemeHHas 91 A f d fc 92 g q

N

KoadduumeHt  uysctu- -0,504 -0,260 -0,266 -0,234 -0,020 0,504 0,368 0,401
TEbHOCTH

M3 obomx NpUMEPOB CrieayeT, YTO 3@ CYET YMEHbLLUEHUSI HEONpeAeneHHOCTM MoAenu BO3AEUCTBUIA MOXHO
YMEHbLWNTb CeYEeHWe CTanbHOro npoduns 6e3 cHmxeHus (@ Aaxe, HaobopoT, C yBenMYeHMEM) OOLLEro YpPOBHS
HaZEXHOCTK.

7. Hape)>xHOoCTb cucTeMbl
7.1 O6wme NoNoXKeHns

[Jaxe Ansg npocTeiwero cnyyast C OAHUM KOHCTPYKTUBHBIM 3/1EMEHTOM - 62O MM KOMIOHHOWM - creayeT pac-
cMaTpuBaTb 6oniee OAHONM yHKUMM NPeaenbHOr0 COCTOSIHWSL — WM3-3a pUCKa paspylueHust B 61aronpusTHbIN Unm He-
6naronpuUsiTHLIN MOMEHT WM BCIEACTBUE CABWUra 6anku. B GOMbLUMHCTBE CyYaeB KOHCTPYKLMS UMEET MHOXECTBO
3/IEMEHTOB, U Ha3blBAETCS «KOHCTPYKTUBHOW CUCTEMOI».

HaneXXHOCTb 3TON cUCTEMbI 3aBUCUT OT HAAEXHOCTU €€ 3NeMeHTOB: 3hdeKTbl BO3AENCTBUIA, OKa3blBAEMbIX Ha
KaXablli U3 3/IEMEHTOB, 3aBUCAT OT MPUSIOXKEHHON HarpysKu; Harpy3ok M Hecyllei cnocobHoCTH, U MOryT He 6biTb
HE3aBUCMMbIMMK, MOXET BO3HMKAaTb B3aMMOCBSI3b MEXAY CBOMCTBAMM 3/IEMEHTOB B Pa3fIMUHbIX YacTAX KOHCTPYKLMMU.
Kpome TOro, CyWecTBYIOT MpeAesibHble COCTOSIHUS ANSt KOHCTPYKUMM KakK eAMHOro LIeNoro, Takue, HanpuMmep, Kak
obuas aedopMaumsa nnm ocagka gyHaameHTa.

Koraa onpeaeneHbl BCe pasfiMuHble TUMbl Pa3pyLIEHNs MOXET ObiTb NMOCTPOEHO «AEPEBO OTKA30B» WU «AEpeBO
COBbITWIA», XapaKTepuaytoLLee BCe TUMbI Pa3pyLLEHUs KOHCTPYKLWM.

Mpumep 4

PaccMoOTpuM NpocTyto MopTasbHylo paMy, U306paXeHHYo Ha puc. 4, MOABEPraeMyto BO3LENCTBUIO rOPU30OHTab-
HOI 1 BepTMKanbHoli Harpysok (. Wcxoast U3 xapakTepa niacTMyeckoit AedopMaLmmi, pamMa MOKET UMETL TPU BO3-
MOXXHbIX TUMA pa3pylleHns. B KaXkaol M3 30H 06pasytoTcs pasHble LWapHUPbl N1aCTUUYHOCTY:

a) PackaumBaHue: LLlapHupbl NnacTMYHOCTU 06pa3ytoTcs B ceveHnsax 1 um 3;
6) Konebanue: LLapHupbl nnactuyHocTn obpasytoTcs B ceveHmsix 1,2 u 3;

B) CMeLlaHHbIN pexxnMm: LLlapHMpbl NNacTMYHOCTM 06pasyroTcs B ceUeHMaX 2 1 3;
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PaspylueHue B 060 U3 30H BEAET K PaspyLUEHUIO KOHCTPYKLMK U COBLITUE «paspyLUEHUSI KOHCTPYKLMU» SBS-
€TCS COBOKYMHOCTBIO BCEX N TUMOB pa3spyLueHuns (B npumepe n=3). M03TOMy, BEPOSTHOCTb Pa3pyLUEHUs KOHCTPYKLMUM
MOXeT 6bITb MPeACTaBEHa B CleayloLeM BUAE:

P, = P(Fy)=P(F,x F,x..x F,) (38)

rae I sBnsieTcs cobbiTveM paspylueHnst TUna . KOHCTPYKLMW AOSDKHBI PaspyLIMTLCS B KaX/AOM TUMe 711 y37o-

BbIX COEAVHEHWI 3/IEMEHTOB. CnepoBaTtesfibHO, BEPOATHOCTb paspyLUeHust AN KaXaoro Tuna F BblpaXaeTca cne-

1

AylLWwnM ypaBHEHUEM!

PI'(]"..!) = P(f'yl.!QlL'Z:@-u@lvam) (39)

roe F ;; 0bo3HauaeT paspylueHne ] 2NEMEHTOB UMW Y3N0BbIX COEAMHEHWIA B paspylleHusi no Tuny i . Mpu pas-
PYLUEHWUM KOHCTPYKLMM MO TUMY I AO/HKHO PaspyLINTLCA 711 SNIEMEHTOB MW Y3/10BbIX COEANHEHWA.

B uenoMm, KOHCTpYKUMS TeOpeTUYECKN XapaKTepusyeTcsa Kak cucTeMa C napasnnesbHblM COeAUHEHMEM 3/IEMEHTOB,
CMUCTEMa C nocnenoBaTeibHbIM COEANHEHUEM 2IEMEHTOB, UM COYETAHWUE NEPBOro 1 BTOPOro.

7.2 CucteMbl € napananenbHbIM COeAANHEHUEM 3JIEMEHTOB

B cucTeMax ¢ napannenbHbIM COeHEHUEM 3NEMEHTOB NOCNEAHME PacrofioXeHbl TakuM 06pa3oM, UTo paspyLue-
HWe oaHOro unu Boree U3 HUX He NPUBOAWT K paspyLUEHUIO BCE KOHCTPYKUMM. Takasi KOHCTPYKUMS HasblBaeTcs
CTaTMYeCcKW HeonpeaenMMoi. 3Ta CTaTUyeckasl HeoNpeaenMMOCTb MOXET ObiTb aKTUBHOMW, €Cnu M3BbITOYHbIE 3ne-
MEHTbI KOHCTPYKLUMM aKTUBM3UPYIOTCS 0 HACTYMEHUs NpeAenbHOro COCTOSIHUS NoBoro U3 aneMeHToB, UM MOXET
6bITb MAaCCUBHOW, €C/IN U3BLITOUHBIE 3NIEMEHTbI aKTUBU3UPYHOTCS TOMBKO MO AOCTMXXEHWUWN OLHWUM U3 HUX NpeaesibHOro
COCTOSIHUSI.

CnepyeT yuuTbiBaTb, UTO Ntobasi CTaTUUeCKW Heonpeaenmmas KOHCTPYKLUMSl He 0bs3aTenbHO npeacTaBnsieT cobol
CUCTEMY C MapanfenbHbIM COEAMHEHUEM 3IEMEHTOB: €C/IM 3NIEMEHTbLI HEMPOYHbIE, paspyLUieHMe Nlb6oro U3 HUX Mo-
XET NpvBeCTU K HOPMUPOBaHMIO HOBOFO pacrpeaesieHUst HanpsdKeHWid, Npyu KOTOPOM HEMELIEHHO NMPOUCXOAST HO-
Bble pa3pyLUeHus.

Pa3pylwieHne cucteMbl ¢ napannenbHbIM COEAUHEHWEM 3/1EMEHTOB B YMCTOM BUAE C KO/IMYECTBOM 3/1EMEHTOB
M1 3a0a€eTCa cneayrowmm 06pa30M:

m

P =P [=P|[1(Z/ <0) | ¢0)
1

1

roe Fj0603HaqaeT CO6bITUE PaAspyLUEHUs SNEMEHTA ] C (YHKUMEN NPefenbHOro cocTosHus Z ;- Takum obpa-

30M:
P(F))=P(Z; <0) = D(-p) (41)

BeposiTHOCTb paspyLLeHus CUCTEMbI MO METOAY HaAeXxHOCTM nepsoro nopsiaka (FORM) npeacraeneHa B cneayto-
wem Buge:

P . =D, (=f;p) 42

roe @, 0603HauaeT MHOroMepHoe CTaHAapTHOE HopMaslbHoe pacripeaenenue, [3 — BEKTOp MHAEKCOB HAAEXHO-
CTW 3NEMEHTOB, U D — KOPPENSLMOHHYIO MaTpuLy 771 X 11 UHAEKCOB HaAEXHOCTW, MPEeACTaBNEHHYIO CheayioLmnM
obpazom:

Dy =2 Q@ cjnk=12,.,m(43)
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n O{i]- - KOBCI)(bVILlMEHT YyBCTBUTENIbHOCTU nepeMeHHoﬁ 1 JneMeHTa j CIJYHKLI,VIM npeaenbHOro CoOCTosAHUA.

BbluncrieHne BEpOSATHOCTM paspyLUEHWUsi CUCTEMbI SBMIIETCA CTIOXKHOW 3afaqeil. BepxHss rpaHuLa 3Toii BeposiTHO-
CTU MOXET ObITb BbIYMCIEHA NPY MOMOLLY CIEAYIOLIErO YPaBHEHNS:

npOCTaFI I'IpM6ﬂVI)KeHHaH OU€eHKa Ana TOJIbKO ABYX 3JIEMEHTOB:
Py = PCEL)OB2) with 2= B, pfs) /1= p* (45)

Py = CD(—ﬂl)CD(—ﬂ*g) c IB*Z = ﬂz_pﬁl)/ 1- PZ (45)
7.3 CucreMmbl € nocnegoBaTtesibHbIM coeanHeHUueM 3J1eMeHTOB

CucteMa C NocnefoBaTeNbHbIM COEAUHEHWEM 3/IEMEHTOB NpeACTaBnsieT coboil cucTeMy, OBpyLUEeHWE KOTOPOW
MPOUCXOAUT MPU paspyLUeHUM NMOBOro ee 3eMeHTa. STOT /IEMEHT Ha3blBAeTCA «CaMblM CabbiM 3BeHOM». Jliobas
CTaTMUECKM onpeaenMas KOHCTPYKLIMA ABMISIETCA KOMMIEKCHOM cucTeMol. Kak 6bifo MoKasaHo B npeablaylleM pas-
A€ene, CUCTEMa C NOC/IEA0BATENbHBIM COEAMHEHWEM 3/IEMEHTOB B YMCTOM BUAE C KONIMYECTBOM 3/IEMEHTOB /1 3afaeT-

cs cnegytowmm obpasom:
C=P/|JFi | w@e)
1

BeposiTHOCTb pa3pyLueHMs CUCTEMbI MO METOAY HaaeXHOCT nepsoro nopsaka (FORM) moxeT 6biTb 3anucaHa B
cnegylowem Buae:

Py, =1-0,(B;p) 47)

[pocTble rpaHunLbl BEPOSATHOCTU BbIpaXakoTca cneayowmm 06pa30M:

m

Mlax[P(Fj)]S P

m
hys < Min %P(Fj),l (48)
STU rpaHuLbl BEPOSITHOCTM, Kak NPaBuio, IBASIOTCS C/ILWIKOM WMpokuMu. B paboTe [11] npeactaeneH MeToa, no
KOTOPOMY MOXXHO BbIYMCNNUTb 3TOT AMana3oH C 60MbLUEN TOYHOCTHIO.

8. 3aknoueHune

neMeHTapHble METO/bl KOHCTPYKTUBHON HAAEXHOCTU MOMYT UCMONb30BaTLCS NS OLEHKM HaiEXHOCTU OCHOBHbIX
CNyyaeB ABYX C/lyualHbIX MepeMeHHbIX, koraa (yHKUMS MpeaenbHOro COCTOsiHUS (hOpMynUpYeTCsl Kak pasHOCTb
MeXay pe3y/bTUPYIOWMMN 3HaYEHWUSIMU HEeCyLLEe CroCcOBHOCTU KOHCTPYKLUMK U 3ddekTa Harpysku. B obluem cnyyae
C OCHOBHbIMW NEPEMEHHbIMU CreAyeT UCMOMb30BaTb KOMMbIOTEPHbIE NMPOrpaMMbl, Kak NpaBwio, OCHOBaHHbIE Ha Me-
ToAAaX HafeXHOCTU nepsoro u BToporo nopsaka (FORM n SORM).

OCHOBHble MPUHUMMbI TEOPUN HAAEXHOCTM NO3BOSIUM MOMYYUTh NPAKTUYECKME METOABI, KOTOPbIE MOFYT UCMOSb-
30BaTbCA ANS OLEHKM YacTHbIX KO3MULIMEHTOB MM OCHOBHBIX NepeMeHHbIX. OLEeHKa pasfiMyHbIX YPOBHEN Haaex-
HOCTV B HOBbIX CTaHAApTax Mo pacyeTy KOHCTPYKLMIM, 0AHAKO, YaCTUYHO OCHOBaHa Ha 3MMUPUYECKMX AaHHbIX U pa-
Hee nony4YeHHOM onbiTe. OYEBUAHO, 3TU AaHHbLIE M OMbIT 3aBUCSAT OT JIOKAJIbHBIX YCIIOBUI, BKIOYasi KTMMaTUYecKne
BO3MENCTBUSI U TPAAULIMOHHO WUCMOJb3yEMbIE CTPOUTENbHBIE MaTepuanbl, W, CIEAOBATENbHO, B PasHbIX CTPaHax Mo-
ryT BapbuMpoBaThCs. [O3TOMY, UACNO 3MEMEHTOB M HAIEXHOCTM M NapaMeTpoB B HACTOSILIEM KOMIMJIEKTE eBpomnei-
CKMX CTaHAAPTOB OCTAeTCs Ha YCMOTPEHME COOTBETCTBYIOLLMX CMELMAnUCTOB B CTpaHax, MCMOSb3YOWMX 3TW CTaH-
[apThl.

B Tabnuuax n nporpamMMHbix naketax MATHCAD, EXCEL n MATHEMATICA notebook cogepxxatcs AONONHUTENb-
Hble uMcneHHble npuMepbl. C MX MOMOLLBIO MOXHO BbIMO/THUTL MOBTOPHbIE BblUMCIEHWUS NOA0BHBIX NPpMMEpOoB C OC-
HOBHbIMW KOHCTPYKTMBHbIMW 3IEMEHTaMM, NOABEPraeMbIMM OBLLEN NMOCTOSIHHOW M NMEPEMEHHOW HarpysKe.

Cnucok nutepaTypbl

NMPUNOXXEHME C. NPOLIEAYPA KAJINBPOBKU
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ANNEX C - CALIBRATION PROCEDURE
Haig Gulvanessian' and Milan Holicky2

'BRE Watford, United Kingdom
? Klokner Institute, Czech Technical University in Prague, Czech Republic

Summary

The basic European standard for design of buildings and other engineering works,
EN 1990 “Basis of structural design”, provides alternative design procedures, for which
national choice is allowed. One of the most important questions concerns three fundamental
combinations of actions for persistent and transient design situations in the Ultimate limit
states. Simple example of generic structural member shows, that the alternative load
combinations may lead to considerably different reliability levels. Probabilistic methods of
structural reliability theory are used to identify characteristic features of each combination and
to formulate general recommendations. It appears that further calibration studies concerning
structures made of different materials are needed during the examination period of EN 1990
in order to analyse all possible consequences of national choice.

1 INTRODUCTION

1.1 Background materials

Each part of Eurocodes, including basic document EN 1990 [1], contains a number of
the Nationally Determined Parameters (NDP) for which national choice is allowed. In
accordance with the Guidance paper L concerning the Construction Products Directive an
important two years period after date of availability of each Eurocode Part is allowed to fix
the NDPs. However it is expected that calibration will continue during the coexistence period,
which starts at the end of the National calibration period and lasts up to three years after the
national publication of the last Part of a Package.

1.2 General principles

Basic concepts of code calibration are mentioned in Annex C of EN 1990 [1], in the
International Standard ISO 2394 [2] and ISO 13822 [3]. Additional information may be found
in the background document developed by JCSS [4] and in recently published handbook [5]
to EN 1990 [1]. Guidance for application of probabilistic methods of structural reliability may
be also found in working materials provided by JCSS [6] and in relevant literature listed in [5]
and [6].

In general NDPs may be calibrated either by direct comparison or by probabilistic
methods. Results of both approaches are usually combined with judgement (as mentioned in
ISO 2394 [2]). In this study probabilistic approach is applied mainly, a direct comparison of
load effects is shortly described in Appendix A to this contribution. Note that for the
probabilistic calibration software products [7,8,9] can be used. In particular the programme
[9] is intended for -calibration purposes. Special purpose MATLAB functions and
MATHCAD sheet attached to this Annex may be also used for calibration studies.
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It should be noted that two aspects of calibration might be explicitly considered:
reliability and economy (see also Handbook 1). However, the following text shall be primarily
concerned with reliability of structures with respect to ultimate limit states. Additional
calibration aspects may concern fire safety of structures (see Handbook 5) or other accidental
design situations. In particular EN 1990 [1] requires that in the case of fire, the structural
resistance shall be adequate for the required period of time.

To consider all the above-mentioned aspects of structural reliability, an appropriate
design lifetime, design situations and limit states should be considered (as described in
Handbook 1). Note that the basic lifetime for a common building is 50 years and that, in
general, four design situations are identified: persistent, transient, accidental and seismic.

2 FUNDAMENTAL LOAD COMBINATIONS

In the following, the combination of three actions is considered: permanent action G,
imposed load Q (leading) and wind W (accompanying). EN 1990 [1] for the fundamental
combination of these loads in persistent and transient design situations introduces three
alternative procedures denoted here A, B and C. The loads (actions) G, Q and W and their
characteristic values Gy, Ok and Wi denote generally load effects (for example internal
bending moments) of appropriate loads (actions) and should be distinguished from the
original loads (actions) themselves. However, when mutual proportions of loads (actions) and
load effects are the same, then the distinction between load and load effects is not needed.

Design value of action effect £ is obtained using the characteristic values Gy, Ok and
W\ and appropriate partial factors 5, o, 7w and reduction factors &, yp and yy as follows.

A. Considering the formula (6.10) in EN 1990 [1], the design value of action effect E4
is given as
Eq= y6 G+ 0 O + yw ww Wi (1)
B. An alternative procedure is provided in EN 1990 [1] by twin expressions (6.10a)
and (6.10b)

Eq= 75 Gkt yo Wo Ox t yw yw Wi (2)

Eq= &y G+ yo O + yw ww Wi (3)

The less favourable action effect from (2) and (3) should be considered. In equation
(3) &is a reduction factor for unfavourable permanent actions G. Note that in equations (1) to
(3) “+” generally implies “to be combined with”.

C. In addition EN 1990 [1] allows further modification of alternative B, simplifying
equation (2) by considering permanent loads only, thus the load effect is then

Ed = 7G Gk (4)

The less favourable action effect resulting from (3) and (4) is then considered. In
addition to the combinations A, B, C provided in EN 1990 [1] (for recommended values y; =
1,35, 7o = 1,5) an additional combination may be also considered in the analysis to illustrate
the sensitivity of the resulting reliability level to partial factors, and the possible effect of their
reduction.

If the leading action is wind W, then in equations (1) and (2) instead of reducing wind
action W by factor yy, the imposed load QO should be reduced by the appropriate factor wp.

C-2
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Factors yg, 7o and y denote the partial factors of actions G, Q and W (the partial factors for
both variable actions are equal, yp = yw).

To investigate resulting load effects under various intensities of variable actions, the

characteristic values of Gy, Ok and Wy are related using quantities y given as the ratio of
variable actions Qy+Wj to total load Gy+QOk+ Wy, and ratio k of accompanying action Wy to
the main action QO

2= (O MGt it W), k= Wid Ok (5)
Note that a realistic range of y is from 0,1 to 0,6. However in some cases the load ratio

y may be very low if not zero (e.g. underground garages).

For a given design value of the load effect E4 the characteristic values of individual
actions G, Ok, Wi can be expressed using variables y and k as follows

== Ed = & =
Ci Voo  hwnrmz & Tai g T H ©
Ey+
A+ b 2)

The factors &, y; and yp indicated in the first relationship of (6) in brackets are applied
in the same way (either yes or no) as in equations (1) to (4) for alternative combination rules
A, Band C.

For alternative A, equation (1) is valid in the whole range 0 < y < 1, whereas using
alternative B, equation (2) is valid in the interval 0 < y < yim g and equation (3) in the interval
2imB < y < 1. Correspondingly, for alternative C equation (4) is valid in the interval 0 < y <
2im.c and equation (3) in the interval yjimc < y < 1. The limiting values yiimp and yiimc can be
derived from equations (2) to (5) as follows

v (1=28)(1+k)

im,B— 7
Aim® v6(L=8)A+k)+yola—yo)+ywk(b—yy) @

o yo(1=E)(1+k)
A (= &)1+ k) + ypa + kb ®

where the auxiliary variable a = 1 and b = yy when for k£ < (1-yp)/(1-yw) (imposed
load Q is the leading action) and a = yp and b = 1 when k > (1-yp)/(1-yw) (action W is the
leading action).

EN 1990 allows through the National Annex, which will be published by national
standardisation institution

e  Which of the combination expression to use, and
e The specification of appropriate safety factors

Thus, the National Annexes should include the recommendation of one of the
alternatives indicated in EN 1990 [1] for a fundamental combination of actions in the
Ultimate limit states and partial factors y; and yp for permanent and variable actions.
Considering a generic structural member it will be shown that the choice of these nationally
determined parameters may significantly affect the resulting reliability level. Partial and

C-3



Annex C - Calibration procedure

reduction factors y, w and & recommended in EN 1990 [1] and used in this paper are
summarized in Table 1.

Table 1. Partial and reduction factors.

Action Partial factors Combination factor | Reduction factor
/4 v g
Permanent G 1,35 1,0 0.85
Imposed O 1,5 0,7 -
Climatic W 1,5 0,6 -

In addition to the factors indicated in Table 1 other values will be used to make comparison of
Eurocode procedures with some national rules.

3 GENERIC STRUCTURAL MEMBER

In case of generic structural member it is assumed that the characteristic value Ry of
the resistance R may be defined as the 5% fractile of R and the design value Ry as

Ra= R/ r 9)

where y; denotes the global resistance factor (commonly expected to be within the
range from 1 to 1,2). The significance of both values Rx and Ry is obvious from Figure 2,
where the random variable R is described by the probability density function ¢z (R), and the
design value Ry is indicated as a particular value of R corresponding to a certain small
probability p of being violated.

Ry

Figure 2. Random variable R, the characteristic value Ry and design value Rj.

In design calculation of a structural member the design value Ry of the resistance R is
normally obtained by substituting design values Xy; for the random variables X, thus

R4 = R(Xq:) (10)
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This expression is also used in design of members for the generic structural member
and for the different materials.

Table 2 shows the assumed values for the global resistance factor jz and the

coefficient of variation Vg, used in the following reliability analysis for a generic cross-
section.

Table 2 Global resistance factor yz, the coefficient of variation V' and the mean factor w.

Middle value Range
EN - global safety factor yz = Ry /Ry 1,15 1,0-1,3
BSI - global safety factor yz = Ry /Ry, BSI 1,10 1,0-1,20
The coefficient of variation Vj 0,15 0,10-0,25
The mean factor = ug/Ry 1,28 1,10 - 1,40

Note 1. The coefficient of variation V includes the variability of the model uncertainty assumed to have the
coefficient of variability 0,05.

Note 2. The values are different for BSI codes reflecting the fact that lower values of z are used for particular
materials.

A middle values for the global safety factor yz = 1,15, for the coefficient of variation
Vr= 0,15 and for the mean ratio @ = /R = 1,28 are considered in the following example of
a code condition.

4 PRINCIPLES OF RELIABILITY ANALYSIS

4.1 Limit state function

The most important step in reliability analysis is definition of a limit state function
(reliability margin) Z(X) separating safe and unsafe domain of basic variables X. In this report
the limit state function Z(X) is considered as in a simple form as a difference between the
resistance R(X) and the load effect E(X)

Z(X) = R(X) — E(X) = 6k Ro(X) — O Eo(X) (11)

where factor 6, represents uncertainties of the resistance model Ry(X) and factor G represents
uncertainties of the load effect model Ey(X). The vector X denotes all the basic variables
entering the expressions for the resistance R(X) and the load effect £(X). Taking into account
general expressions (1) to (4) the load effect £y(X) may be written as

E(X) = 0 (Go+ Qo + Wp) (12)

Considering the limit state function given by equation (11) and expression (12) giving

the load effect, it follows that basic variables R, G, O, and W covering effects of model
uncertainties are defined as follows

R = 913 Ro(X), G= 9E G(), Q: 9E Q(), W= 95 Wo (13)

Taking into account equation (13), the limit state function (11) may be written in a
simple form as

ZX)=R—-(G+0O+W) (14)
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Note that the cumulative basic variables R, G, O, W in equation (14) include effects of the
factors 6k and 6 (see equation (13)).

4.2 Probabilistic models of basic variables
It is assumed that structural members are designed economically, which means that the
design value of the resistance Rq(X) equals the design value of the load effect £4(X)

Ra(X) = E«(X) (15)

It should be noted that normally (due to several reasons) the design resistance Rq(X) is greater
than the design load effect £4(X), which may provide additional safety margin not considered
here.

Assuming a certain set of partial and combination factors y, w, and &, the design
expression (15) can be used to specify the characteristic values Xy of each basic variable X.
The probabilistic characteristics (the mean, standard deviation) of each basic variable X can
be then related to its characteristic value Xy as indicated in Table 3.

Table 3. Probabilistic models of basic variables for time invariant reliability analysis using
Turkstra's rule (combination of 50-year maximum of leading action and an annual maximum
of accompanying action).

No. Category of Name of basic Sym. Dim- Distri- Mean  St.dev.
variables variables X ension bution Ly Oy
1 Actions Permanent Go kN N Gx 0,1 1x
2 Imposed - 5 years Qv kN/m* GU 0,20« 1,1y
2 Imposed - 50 y. 0O, kN/m* GU 0,60c  0,35uy
3 Wind - 1 year Wo kN/m®> GU  03W  05u
4 Wind - 50 year Wo kN/m®> GU 0,7 035uy
5 Resistance Resistance R kN/m”* LN Ry +1.650r 0,15uy
6  Uncertainty Uncertainty Ox - LN 1 0.05

Probabilistic models indicated in Table 3 are based on data available in the
recommendation of JCSS [4,6] and literature [11,12,13,14]. As mentioned above the
probabilistic characteristics indicated in Table 3 represent just conventional models that might
be slightly conservative.

Note that the mean of a resistance R indicated in Table 3 in terms of the characteristic
value Ry and the standard deviation o may be assessed assuming a given coefficient of
variation V% using relationship

pir = Ricexp(1,65 Vi) (16)

Under this assumption the mean resistance factor @ considered in Table 2 is given as
= g / Ry = exp(1,65 V) (17)
Considering the coefficient of variation V3 = 0.15, the mean resistance factor becomes

= 1.28 as indicated in Table 2.

It should be emphasised that the probabilistic models of basic variables indicated in
Table 3 are primarily intended as "conventional models" in time invariant reliability analysis
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of structural members using Turkstra's combination rule [10] (explained also in [2]) for the
probabilistic calibration of the rules for combination of actions.

Conventional models indicated in Table 3 should enable the objective comparison of
results of various reliability studies expected in the near future in connection with
implementation of the present suite of Eurocodes into the national systems of design codes.
However, when the reliability of different types of structural members under particular
conditions is assessed, the proposed models in Table 3 may have to be adjusted to the
concrete conditions of the analysed structural member.

4.3  Reliability measures

The probability of failure P is the basic reliability measure used in this study. It can be
expressed on the basis of a limit state (performance) function Z(X) defined in such a way that
a structure is considered to survive if Z(X)> 0 and to fail if Z(X) < 0. An example of the
function Z(X) is given by equation (14). In a general case the failure probability Pr can be
determined using the integral

Pr=Prob(Z<0)= [g,(X)dX (18)
2(X)<0
where @q(X) denotes joint probability density distribution of the basic variable X,
which may not be , however, available.

Assume that both the resistance R(X) and the load effect E(X) represent a single
variable X used to analyse structural performance (e.g. axial force or bending moment that is
represented by R(X) and E(X)). Then the integration indicated in expression (18) may be
simplified and the probability P can then be expressed as:

Pr = Prob(Z(x) < 0) = | ()04 (x)dx (19)
where @g(x) denotes the probability density function of E(X), ®@g(x) the distribution of R(X).
To use equation (19) both the probability density function @z(Z) and the distribution function
®r(x) must be known (at least in an approximate form). Simplified procedure based on
expression (19) is used in this study.

Note that there are commercially available software products (e.g. VaP, COMREL),
which can be used to determine the failure probability Pr in more complicated cases than
considered here (when expression (19) cannot be used). These software products were used in
this study to check results obtained by numerical integration based on expression (19).

In Annex C of EN 1990 an alternative measure of reliability is conventionally defined
by the reliability index £, which is related to Pr as

F=0(-p) (20)
where @ is the cumulative distribution function of the standardised normal distribution. The
relation between Prand fis indicated in Table 4.

Table 4. Relation between £ and Ps.

Py 107 10~ 107 107 107 10° 10”7
B 1,28 2,32 3,09 3,72 427 4775 5,20
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Table C2 of EN 1990 recommends for the ultimate limit state of buildings over a fifty
year design working life a target value of reliability index g = 3,8. If one year period is
considered in reliability verification, then S = 4,7. Both the equivalent reliability measures,
the failure probability Prand the reliability index f, are used in this study.

4.4 Sensitivity factors

Sensitivity factors of the First Order Reliability Methods (FORM) are normally used
[1,2] to calibrate design values of basic variables and partial safety factors. Considering the
limit state function Z(X) (reliability margin) given by equation (11), the sensitivity factors for
the four cumulative variables R, G, O, W can be defined in terms of their standard deviations
Or, 0G, 0p and oy as follows

o
Ap=—", 0g=—", 0y =—, Oy =—— (21)

where o, denotes the standard deviation of Z(X) given as

_ 2 2 2 2
O'g—\/O'R+O'G+O'Q+O'W (22)

In the following investigation the sensitivity factors oz, ag, ap and ay defined by
equation (21) are considered together with the failure probability Pr and the reliability index
pB. It should be underlined that oz, ag, ap and oy defined by (21) refer to cumulative
variables R, G, O, W, which include effects of the factors of model uncertainties &z and &
(see equation (13)).

5 RESULTS FOR THE GENERIC CROSS-SECTION

5.1 One variable action

Results of the reliability analyses are presented in graphical form that indicates
variation of the reliability index f, failure probability Py, and sensitivity factors oz, oz, o, g
and aw with the load ratio y. In particular Figure 3 shows results of a simple case of one
variable action only (the main variable action Q); Figure 3 indicates the variation of

- the reliability index g,

- failure probability Py, and

- for expression 6.10 of EN 1990 sensitivity factors az, az, and partial sensitivity
factors ag, ap and aw

with the load ratio y.

For the analysis it has been assumed that a single variable action, the imposed load Q
having the characteristic given in Table 3 is acting on the generic element only (i.e. £ = 0.0).
A middle value for the global safety factor y;z = 1,15 and for coefficient of variation Vz= 0,15
have been considered.
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Index Beta

Frobahility Pf

Alphas for A - (B.10)
= i -
/Z
&

0 01 02 03 04 05 06 07 08 09 1
Load ratio CHI=(Rk-+yWkI{GK+0k-Hik)

Figure 3. Variation of the reliability index /£, the failure probability Prand the sensitivity
factors ar, o, oG, 0pand ay with the load ration y for & = 0, for a generic cross-section
assuming ¢ = 1,15 and the coefficient of variation Vzx= 0,15.

It follows from Figure 3 that for the assumed higher coefficient of variation Vz= 0,15
only the combination rule A (i.e. expression (6.10) of EN 1990) [1] seems to be fully
acceptable (8 > 3.8 and Pp.< 7,23x107) in the interval 0 < y < 0.8, however the reliability
level considerably varies with y. In some cases the alternative A might lead to an uneconomic

design.
The alternative B (i.e. expression (6.10a) and (6.10b) of EN 1990) is acceptable in a

slightly shorter range of y, 0 < y < 0.7 than the variant A but provides obviously much more
uniform distribution of reliability level with y. Obviously it would lead to a more economic
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design than the alternative A. Alternative C (i.e. modified expression (6.10a) and (6.10b) of
EN 1990 [1]) is providing rather low reliability level particularly for the interval 0 < y < 0.3
and should not be used unless partial factors yare changed.

Similar results were obtained in previous studies [11,12,13,14] of structural elements
made of different materials (concrete and steel elements). These studies differ from the
presented results primarily by the value of the partial factor yz and the coefficient of variation
V'r (and also by the asymmetry of the distribution of R). Just the conclusions formulated above
seem to be supported by a number of different material oriented examples.

Note that the sensitivity factor o increases to about oz ~ 0,9 while the factor o
decreases, ar > - 0,5, indicating that the resistance gives a greater contribution to safety than
intended by EN 1990. However this conclusion is strongly dependent on assumed coefficient
of variation V. With increasing V the sensitivity factor oz increases. It is interesting to note
that than the sensitivity factors are very close to the values recommended in EN 1990 [1], i.e.
OR ~ 0,9 O ~ -0,7.

5.2 Two variable actions

A more general case when two variable actions (a leading imposed load O, together
with an accompanying action W) are acting is shown in Figure 4, which (similarly as Figure
3) shows the variation of the

e reliability index £,

o failure probability Py, and

e for expression 6.10 of EN 1990 sensitivity factors oz, og, ag, apand oy
with the load ratio y for £ = 0,75 and the coefficient of variation Vx=0,15.

The case considered for Figures 3 (i.e. £ = 0, with a single imposed load Q acting) is
extended so that a more detailed insight of the effect for the reliability parameters considered
can be obtained. However Previous investigations [11,12] clearly show that reliability in case
of two variable actions is considerably greater than reliability in case of one variable action.
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Load ratio CHI=(Qk+Wh)A(Gk+Ok-Avk)

Figure 4. Variation of the reliability index /£, the failure probability Prand the sensitivity
factors ag, ar, ag, apand ay with the load ratio y for k£ = 0.75, for a generic cross section
assuming ¢ = 1,15 and the coefficient of variation V= 0,15.

It follows from Figure 4 that for the assumed coefficient of variation Vzx = 0,15 and the
consideration of two variable actions the reliability of the generic cross-section exposed to
two variable actions is considerably greater than the reliability of the same cross-section
exposed to one variable action only. This finding also indicates that the factor yj may be
rather high. Note that the sensitivity factors ax seems to be slightly greater than the values ox
= 0,8 considered in EN 1990 [1] and o in absolute value is less than oz = - 0,7 recommended
in [1]. This finding depends on assumed variability of basic variables.
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Figure 5. Variation of the reliability index £ with the load ratio y and partial factor for
resistance jz and k = 0 (i.e. imposed load Q is the only variable action), for the generic-cross

section assuming partial safety factors y; = 1,35 and yp = 1,5, and the coefficient of variation
Vr=0,15.

It follows from Figure 5 that for the assumed variables the acceptable domain of the
load ratio y and the coefficient of variation V' is limited by the contour line determined as an
intersection of the £ surface and the plain £ = 3,8 in Figure 5. Obviously with increasing
reliability index /£ increases, yz = 1.15 would be satisfactory for most of the practical range of
the load ratio y (for the load ratio y.<0,8).
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6 CONCLUDING REMARKS

The newly available EN 1990 provides alternative design procedures and parameters
that should be unambiguously specified in the National Annexes of Member States of CEN.
These alternative design procedures lead in some cases to significantly different reliability
levels. Preparation of National Annexes is therefore a complicated task for each Member
State. Furthermore, the Eurocode standards recognise the responsibility of the regulatory
authorities in each Member State and safeguard their right to determine values related to
regulatory safety matters at national level.

Simple examples of a generic structural member confirm the results of the earlier
studies that the reliability of structures, designed according to the alternative combination
rules provided in EN 1990 by expressions (6.10), (6.10a) and (6.10b), may vary considerably.
Expression (6.10) leads to the most reliable but in some cases uneconomical structures. Twin
expressions (6.10a) and (6.10b) provide a lower but comparatively most uniform reliability
level for all load ratios. Moreover, they seem to fully comply with EN recommendations
(reliability index 3,8 for a 50-year time period). The lowest reliability is obtained from the
third alternative, given by modified expression (6.10a) and expression (6.10b). This
alternative seems to lead to a rather low reliability level, particularly for structures exposed
mainly to a permanent load.

In order to make an unambiguous recommendation for National Annexes to EN 1990,
further investigations are urgently needed. Obviously more complicated structural elements,
made of various materials, should be analysed and compared. Such a calibration activity
should preferably be organised on an international level. The short-term objective of these
activities should be to develop the necessary background materials for preparation of the
National Annexes. The long-term objective should be to further harmonization of the
alternative design procedures considered during the next revision of the present generation of
Eurocodes.

It is expected that further calibration studies concerning structures made of different
materials will be needed during the examination period of EN 1990 (next few years) in order
to analyse all possible consequences of national choice.
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APPENDIX A. DIRECT COMPARISON OF LOAD EFFECTS

Deterministic approach — the global load factor

Concept of the global load factor is sometimes used to compare various alternatives
for load combination with no regard to a resistance of a structure. The deterministic global
load factor yz follows directly from codified combination rules and given partial factors
without any probabilistic consideration; it is simply expressed as

7e=Ea/ (G + O+ Wi) (A1)

where the design load effect E4 is given by one of equations (1) to (4) depending on the
combination rule considered (for example combination rules A, B or C). It follows from
equation (1) to (4) and (A.1) that in general deterministic yz may be expressed as

7e= (-2 16(9) + (ro (W) + k yw (ww)) 2/ (1+ k) (A.2)

where the factors in brackets (&), (yp) and () are applied in accordance with the principles
of appropriate combination rule. For example assuming that Q is the leading variable load and
W is accompanying load, the combination rule A based on expression (6.10) of EN 1990 [1]
the global factor yz follows from (1) and (A.2) as

ve=-0rt (o +kywyw) x/ (1+k) (A3)

Similarly the global factors yz of other combination rules B and C may be obtained from
general expression (A.2). It follows from (2) that equation (A.2) becomes

ve=-0 vt (woro +kywwyw x/(1+k) (A4)

When equation (3) is applied, then equation (A.2) becomes

ve=1-0 S+ (o+kywyw) x/ (1+k) (A.5)

When equation (4) is applied, then equation (A.2) becomes

e=0-2 % (A.6)

Thus combination rule A is described by equation (A.3), combination B by equations
(A.4) and (A.5), combination rule C by equations (A.4) and (A.6).

Figure A.1 shows the global factor yz for all three-combination rules A, B and C
assuming the load factor £ = 0 (two loads G and Q are considered only). It is interesting to
note that the global load factor yz is strongly dependent on the load factor 4. Figure A.2 shows
the case of three variable actions G, Q and W assuming k = 0,75. Similar results may be
obtained for any load ratio k&. However, it is well recognised that decisive requirements
(compare Figures 3 and 4) for calibration of reliability elements follow from combinations of
two actions only (G and Q). Figure A.2 just illustrates variation of the global factor with the
load ratio y in the case of two variable actions.
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Figure A.1. The global load factor yz for the combination rules A, B and C assuming k = 0.
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Figure A.2. The global load factor y for the combination rules A, B and C assuming k = 0,75.
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Probabilistic approach — the theoretical global load factor

Probabilistic approach to comparison of load effects £ considers the probability p of £
exceeding Eq = 3z (Gx + Ok + W), thus the probability

p=P(E>Ey) (A.7)

The probability p is obviously dependent on the global load factor yz determining the load
effect Eq4 as follows from equation (A.1). When probabilistic models of actions G, Q and W
are known, then for a given value of yz the probability p may be determined. Let us remind
that in accordance with the principles of EN 1990 [1] (considering ai = -0.7 and £ = 3.8) the
recommended value of the probability p given by equation (A.4) is

pe=®(ap f)=D(- 0,7 3,8) = 0,004 (A.8)

Assuming probabilistic models of actions G, Q and W considered above in accordance
with Table 3, variation of the theoretical load factors yz with the load factor y for selected
probabilities p is shown in Figure A.3 together with the deterministic load factors yz described
above. In Figure A.3 full lines indicate the theoretical (probabilistic) load factors jyz, the
dashed lines indicate the deterministic load factors yz.

0 0.2 0.4 0.6 0.8 1

Figure A.3. The global load factor yz for the combination rules A, B and C assuming k=0
and theoretical values of yz corresponding to selected probabilities of E exceeding Eq4
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Figure A.3 clearly indicates differences between the theoretical global factors g
determined using probabilistic approach and corresponding deterministic values described by
equation (A.2). It follows from Figure A.3 that the deterministic values are greater than the
theoretical values of yz corresponding to the probability p = 0,004 indicated in equation (A.5).
Thus, the Eurocode combination rules seem to be on a safe side, in particular the combination
rules A and B. Note that for small load ratios y the combination rule C provides lower values
of the global factor than the theoretical yz and, therefore, seems to be unsatisfactory.

Figure A.3 further indicates that the theoretical jz is better followed up by &
corresponding to the combination rule B than those corresponding to the combination rules A
or C. In that sense direct comparison of load effects confirms conclusions of previous studies
when both the load effect and resistance are taken into account.

JE

0998
S nwo7
ngss 1—p

Figure A.4. Variation of the theoretical and deterministic global factor y with the load ratio y
and the probability p assuming the combination rule A.

Variation of the global factor yz with the load ratio y and the probability p clearly
indicates that the combination rule A, represented in Figure A.4 by a plane, is rather safe (and
perhaps uneconomic) substitution of the theoretical (probabilistic) values.
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APPENDIX B. EFFECT OF THE RESISTANCE VARIABILITY

In reliability analysis of a generic cross section the coefficient of variability Vz=0.15
and the partial factor jz = 1,15 are assumed as an example of a code condition. However,
resistance of various structural members made of different materials may have different
variability and the partial factor. The coefficient of variability V' can be expected within a
broad range from 0,05 up to almost 0,50 (including uncertainty resistance model). This should
be reflected by appropriate value of the partial factor yz. Assuming lognormal distribution of
R, the partial factor yz corresponding to the coefficient of variation 'z can be expressed as

e = exp(—1,65 Vy)exp(ag f V¢) = exp(—1,65 Vz)/exp(— 3,04 V) (B.1)

where o f =— 0,8 x 3,8 = — 3,04 as recommended in EN 1990 [1]. Note that for V’x = 0,10
equation B.1 yields the partial factor yz = 1,15.

Figure B.1 shows the variation of the partial factor y; with the coefficient of variability
V' together with corresponding reliability index £ determined taking into account the partial

factor jz as a function of Vi given by equation (B.1). In Figure B.1 the combination rule A
and a generic cross section are considered only.
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Figure B.1. Variation of the reliability index £ of a generic cross section with the coefficient
of variability /'y for selected load ratios y assuming the partial factor yz as a function of V.

Figure B.1 indicates that if the partial factor jx is considered as a function of the
coefficient of variability V%, the effect of resistance variability is not essential. Considering a
realistic range of resistance variability 0,05 < Vg < 0,25, differences in £ values seem to be
about 0,5. This finding justifies the concept of a generic cross section used in reliability
analysis of alternative load combinations.
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APPENDIX C. NOTATION

E load effect including model uncertainty

Ey load effect without model uncertainty

Eq4 design value of the load effect £

Ey characteristic value of the load effect £

Eq4 design value of the load effect £

G permanent load including model uncertainty, G = 8 G,
Go permanent load without load uncertainty

Gy design value of the resistance G, G¢=ys Gx

Gx characteristic value of the permanent load G

k load ratio, k = Wi/ Ok

Py failure probability

0 main (dominant) variable load including model uncertainty, QO = 6 Qy
Qo main (dominant) variable load without model uncertainty

Od design value of the variable load O, Q¢=pp Ok

Ok characteristic value of the variable load G

R resistance including model uncertainty

Ry design value of the resistance R, R4=yz Rx

Ry characteristic value of the resistance R

Ve coefficient of variation

Wo main (dominant) variable action without model uncertainty

/4 accompanying (non dominant) variable action including model uncertainty, W = 8 W,

Wy design value of the variable load W, Wy=yw Wi
Wi characteristic value of the variable load W

X vector of basic variables
Z(X) limit state function
oR sensitivity factors of R

oF sensitivity factors of £

oG sensitivity factors of G

ap sensitivity factors of Q

aw sensitivity factors of W

p reliability index, P = ®(-/f)

@)  probability density function

load ratio, y =(Qx + Wk )/ (Gx + Ok + Wx)

partial factor for unfavourable permanent actions G
partial factor for unfavourable variable actions Q
partial factor for unfavourable variable actions W
reduction factor for unfavourable permanent actions Q
reduction factor for unfavourable permanent actions W
reduction factor for unfavourable permanent actions G
coefficient of model uncertainty

distribution function of standardised normal distribution

G%W§§§(§§N
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ATTACHMENTS

1. MATLAB function "generic(gR,wr,k)".

Matlab function "Generic" is intended for investigation of the combination rules
provided in EN 1990. A general structural member of the resistance R (including model
uncertainty) is considered.

Function "Generic" calls function

Action3(mr,sr,skr, Rd,k), which further calls functions
Lnpf (mr,sr,skr,me,se,ske), which calls
Lndens(x,ske,me,se)
Lndist(x,skr,mr,sr)
Ndinv(p)

2. MATLAB function "Action3(mr,sr,skr,Rd,k)"
MATLAB function "Action3" is intended for determining statistical characteristics of
the load effect of different combinations of three actions.
Function "Generic" calls function
Lnpf (mr,sr,skr,me,se,ske), which further calls functions
Lndens(x,ske,me,se)
Lndist(x,skr,mr,sr)
Ndinv(p)

3. MATLAB function "Lnpf(mr,sr,skr,me,se,ske)"
MATLAB function "Lnpf" calculates the failure probability using three parameter
lognormal distribution for approximation of the load effect and resistance.
Function "Lnpf" further calls functions
Lndens(x,ske,me,se)
Lndist(x,skr,mr,sr)
Ndinv(p)

4. MATLAB function "Lndens(x,mu,sigma,sk)"

MATLAB function "Lndens" is intended for calculation of the probability density
function of three-parameter lognormal distribution. The function is called by the function
LNPF using command “Lndens(ske,me,se)”, and returns the value of probability density
function.

5. MATLAB function "Lndist(x,mu,sigma,sk)"

MATLAB function "Lndist" is intended for calculation of the distribution function of
three-parameter lognormal distribution. The function is called by the function LNPF using
command “Lndist(skr,mr,sr),” and returns the value of the distribution function.

6. MATLAB function "Ndinv(p)"

MATLAB function "Ndinv" calculates the inverse distribution function of the normal
distribution (determining the reliability index beta). The function is called by the function
Action3 or Action3i using command “Ndinv(p)” (or “Ndinv(p,mu,sigma)” or Ndinv(p,mu)”),
and returns the value of the inverse distribution function.
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7. MATHCAD sheet'" Generic.mcd"

MATHCAD function "Generic" is intended for investigation of the combination rules
provided in EN 1990. A general structural member of the resistance r (including model
uncertainty) is considered.

8. MATHCAD sheet'"Load effect.mcd"

MATHCAD sheet "LoadEffect" is intended for investigation of combination rules
provided in EN 1990 by expressions (6.10), (6.10a) and (6.10b) considering three loads: G, Q
and W. Turkstra's rule ( 50-year extremes of a leading and annual extremes of an
accompanying action) is applied.
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Attachment 1 —- MATLAB function "generic(gR,wr,k)"

function Gener=Gener(gR,wr k)
% Program "Generic" is intended for investigation of the combination rules
% provided in EN 1990.
% A generic structural member of the resistance R (including model uncertainty)
% 1s considered.
% Function "Generic" calls function
%  Action3i(mr,sr,skr, Rd,k,1), which further calls functions
%  Ndinv(p), Lnpf (mr,sr,skr,me,se,ske), which calls
% Lndens(x,ske,me,se), Lndist(x,skr,mr,sr) and Ndinv(p)
%
% INPUT data describing random variable R: Rd, gR, wR
%
% VERSION
% MH, Klokner Institute, Czech Technical University in Prague, 1.08.2003
%
% Input load ratio k = Wk/Qk used by the function "Action3i",
% k=0.00; % Input parameter that may be changed
% Characteristic of the resistance R
Rd=1; % may be chosen arbitrary
Rk=Rd*gR; % gR=1.15; gR given by a fixed value not related to wr and beta
% an alternative is indicated below in the first line of the loop for wr
%
% Statistical parameters of R (having lognormal distribution) determined
% in the following loop for selected coefficients of variation wr
%for 1= 3:3 % Range of the loop that may be adjusted.
%wr=0.05+(i-1)*0.05; betat = 3.8;
% gR=exp(0.7*betat*wr)/exp(1.65*wr); Rk=Rd*gR; % alternatively
Kr=1; wKr=0.05; % lognormal distribution
mr=Kr*Rk*exp(1.645*wr); wr=(wr*2+wKr"2+wr*2*wKr*2)"0.5;
sr=mr*wr; skr=3*wr+wr”"3;
% alternatively the mean mr=Rk/(1-1.645*wr)
Action3(mr,sr,skr,Rd,k) % Call function Action3i
%end
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Attachment 2 —- MATLAB function "Action3 generic(mr,sr,skr,Rd,k)"

function Action3 = action3(mr,sr,skr,Rd,k)
% CALL
%  Lnpf (mr,sr,skr,me,se,ske), which further calls LNDENS and LNDIST
% INPUT
%  R:mr,sr,skr; E:me,se,ske; vector of real arguments
% OUPUT
%  Dbeta: vector of beta values
% VERSION
%  Klokner Institute, Czech Technical University in Prague, 24.04.2002
% Laod factors and parameters:
gG=1.35; gQ=1.5; gW=1.5; psil=0.7; psi2=0.6; wG=0.1; Y%psil=psiQ, psi2=psiW
% Characteristics of variable loads Q and W for k<=(1-psiQ)/(1-psiW)
if k<=(1-psil)/(1-psi2);
mmQ=0.49; wQ=0.4; skQ=1.14; mmW=0.3; wW=0.5; skW=1.14;
else %Characteristics of variable loads Q and W for k>(1-psiW)/(1-psiQ)
mmQ=0.2; wQ=1.1; skQ=1.14; mmW=0.7; wW=0.35; skW=1.14;
end

% Model uncertainties of actions
Ke=1; wKe=0.00; sKe=wKe*Ke;skKe=3*wKet+wKe"3;
% Parameters k=Wk/Qk given in the function that calls Action3
% Combination factors for expression (6.10) if k<=(1-psiQ)/(1-psiW)=0,75 or k>(1-
psiW)/(1-psiQ)=0,75
if k<=(1-psil)/(1-psi2);
ksi=1; psiQ=1; psiW=psi2;

else
ksi=1; psiQ=psil; psiW=1;
end
SotrrrrrrnrrnrrnrninitiCase A, (6.10)

%Eftect of the load ratio CHI for expression (6.10) for the load ratio
CHI=(Qk+Wk/(Gk+Qk+Wk))
for n=1:21 %loop for CHI in the interval <0,1>
CHI(n)=0+(n-1)*0.0499;
mG(n)=Rd/(ksi*gG+(CHI(n).*(psiQ*gQ+k*psiW*gW))./((1-CHI(n))*(1+k)));
sG(n)=mG(n)*wG;
Qk(n)=CHI(n).*mG(n)./((1-CHI(n))*(1+k)); mQ(n)=Qk(n)*mmQ; sQ(n)=mQ(n)*wQ;
Wk(n)=Qk(n)*k; mW(n)=Wk(n)*mmW; sW(n)=mW(n)*wW;
me0(n)=mG(n)+mQ(n)+mW(n); se0(n)=sqrt(sG(n)*2+sQ(n)"2+sW(n)"2);
we0(n)=se0(n)./me0(n);
skeO(n)=(sQ(n)"3*skQ+sW(n)"3*skW)./se0(n)"3;
me(n)=(mG(n)+mQ(n)+mW(n))*Ke;
se(n)=me0(n)*Ke.*sqrt(wKe 2+we0(n)"2+we0(n)"2.*wKe"2);

ske(n)=me0(n)"3.*Ke"3.*(wKe 3 *skKe+we0(n)"3.*skeO(n)+we0(n) 2*wKe”2*6)./se(n)"3;
%mG(n).*gG+Qk(n).*gQ+Wk(n).*psiW.*gW
pf(n)=Lnpf(mr,sr,skr,me(n),se(n),ske(n)); beta(n)= -ndinv(pf(n)); pft(n)=0.0000723;
betat(n)=3.8;
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sg(n)=sqrt(sr*2+se(n)"2);
alG(n)=-mG(n)*sqrt(wG"2+wKe"2+wG"2*wKe"2)./sg(n);
alQ(n)=-mQ(n)*sqrt(wQ”"2+wKe"2+wQ"2*wKe"2)./sg(n);
alW(n)=-mW(n)*sqrt(wW”"2+wKe"2+wW"2*wKe"2)./sg(n);
ale(n)=-se(n)./sg(n);
alr(n)=sr./sg(n);
end% end of the loop
% Check selected values
beta(1), beta(21), %The first and the last Beta

sg(1);

alr(1); ale(1); %The first and alr and alr

st; se(1);
GolrrrrrnrrnrririniCase B, (6.10a)

% Combination factors for expression (6.10a) for any k<=>(1-psiW)/(1-psiQ)=0,75

if k<=(1-psil)/(1-psi2);
ksi=1; psiQ=psil; psiW=psi2;
else
ksi=1; psiQ=psil; psiW=psi2;
end

for n=1:12 %loop for CHI in the interval <-1,1>
CHIa(n)=0+(n-1)*0.0499;
mG(n)=Rd/(ksi*gG+(CHIa(n).*(psiQ*gQ+tk*psiW*gW))./((1-CHIa(n))*(1+k)));
sG(n)=mG(n)*wG;
Qk(n)=CHIa(n).*mG(n)./((1-CHIa(n))*(1+k)); mQ(n)=Qk(n)*mmQ; sQ(n)=mQ(n)*wQ;
Wk(n)=Qk(n)*k; mW(n)=Wk(n)*mmW; sW(n)=mW(n)*wW,;
me0(n)=mG(n)+mQ(n)+mW(n); se0(n)=sqrt(sG(n)"2+sQ(n)*2+sW(n)"2);
we0(n)=se0(n)./me0(n);
skeO(n)=(sQ(n)"3*skQ+sW(n)"3*skW)./se0(n)"3;
me(n)=(mG(n)+mQ(n)+mW(n))*Ke;
se(n)=me0(n)*Ke.*sqrt(wKe"2+we0(n)"2+we0(n)"2.*wKe"2);

ske(n)=me0(n)"3.*Ke"3.*(wKe"3*skKe+we0(n)"3.*ske0(n)+we0(n)"2*wKe” 2*6)./se(n)"3;
%mG(n).*gG+Qk(n).*gQ+Wk(n).*psiW.*gW
pfa(n)=Lnpf(mr,sr,skr,me(n),se(n),ske(n)); betaa(n)= -ndinv(pfa(n));

end% end of the loop

if k<=(1-psil)/(1-psi2);

ksi=0.85; psiQ=1; psiW=psi2;

else

ksi=0.85; psiQ=psil; psiW=1;
end

for n=1:19 %loop for CHI in the interval <-1,1> for expression (6.10b)

CHIb(n)=0.1+(n-1)*0.0499;
mG(n)=Rd/(ksi*gG+(CHIb(n).*(psiQ*gQ+k*psiW*gW))./((1-CHIb(n))*(1+k)));
sG(n)=mG(n)*wG;
Qk(n)=CHIb(n).*mG(n)./((1-CHIb(n))*(1+k)); mQ(n)=Qk(n)*mmQ); sQ(n)=mQ(n)*wQ;
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Wk(n)=Qk(n)*k; mW(n)=Wk(n)*mmW; sW(n)=mW(n)*wW;

me0(n)=mG(n)+mQ(n)+mW(n); se0(n)=sqrt(sG(n)"2+sQ(n)*2+sW(n)"2);
we0(n)=se0(n)./me0(n);

skeO(n)=(sQ(n)"3*skQ+sW(n)"3*skW)./se0(n)"3;

me(n)=(mG(n)+mQ(n)+mW(n))*Ke;
se(n)=me0(n)*Ke.*sqrt(wKe"2+we0(n)"2+we0(n)"2.*wKe"2);

ske(n)=me0(n)"3.*Ke"3.*(wKe"3*skKe+we0(n)"3.*ske0(n)+we0(n)"2*wKe”2*6)./se(n)"3;
%mG(n).*gG+Qk(n).*gQ+Wk(n).*psiW.*gW
ptb(n)=Lnpf(mr,sr,skr,me(n),se(n),ske(n)); betab(n)= -ndinv(ptb(n));

end% end of the loop

ksi=1; psiQ=0.0; psiW=0.0;

%Eftect of the load ratio CHI for expression (6.10amod)=(6.10c)
for n=1:4 %loop for CHI in the interval <-1,1>
CHIc(n)=0+(n-1)*0.0499;
mG(n)=Rd/(ksi*gG+(CHIc(n).*(psiQ*gQ+k*psiW*gW))./((1-CHIc(n))*(1+k)));
sG(n)=mG(n)*wG;
Qk(n)=CHlIc(n).*mG(n)./((1-CHIc(n))*(1+k)); mQ(n)=Qk(n)*mmQ; sQ(n)=mQ(n)*wQ;
Wk(n)=Qk(n)*k; mW(n)=Wk(n)*mmW; sW(n)=mW(n)*wW;
me0(n)=mG(n)+mQ(n)+mW(n); se0(n)=sqrt(sG(n)"2+sQ(n)*2+sW(n)"2);
we0(n)=se0(n)./me0(n);
skeO(n)=(sQ(n)"3*skQ+sW(n)"3*skW)./se0(n)"3;
me(n)=(mG(n)+mQ(n)+mW(n))*Ke;
se(n)=me0(n)*Ke.*sqrt(wKe"2+we0(n)"2+we0(n)"2.*wKe"2);

ske(n)=me0(n)"3.*Ke"3.*(wKe"3*skKe+we0(n)"3.*skeO(n)+we0(n)"2*wKe” 2*6)./se(n)"3;
%mG(n).*gG+Qk(n).*gQ+Wk(n).*psiW.*gW
pfc(n)=Lnpf(mr,sr,skr,me(n),se(n),ske(n)); betac(n)= -ndinv(pfc(n));

end% end of the loop

gG=1.2; gQ=1.4; gW=1.4; %ealternative values og gamma
if k<=(1-psil)/(1-psi2);
ksi=1; psiQ=1; psiW=psi2;
else
ksi=1; psiQ=psil; psiW=1;
end
%Eftect of the load ratio CHI for expression (6.10)
for n=1:21 %loop for CHI in the interval <0,1>
CHI(n)=0+(n-1)*0.0499;
mG(n)=Rd/(ksi*gG+(CHI(n).*(psiQ*gQ+k*psiW*gW))./((1-CHI(n))*(1+k)));
sG(n)=mG(n)*wG;
Qk(n)=CHI(n).*mG(n)./((1-CHI(n))*(1+k)); mQ(n)=Qk(n)*mmQ; sQ(n)=mQ(n)*wQ;
Wk(n)=Qk(n)*k; mW(n)=Wk(n)*mmW; sW(n)=mW(n)*wW;
me0(n)=mG(n)+mQ(n)+mW(n); se0(n)=sqrt(sG(n)"2+sQ(n)*2+sW(n)"2);
we0(n)=se0(n)./me0(n);
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skeO(n)=(sQ(n)"3*skQ+sW(n)"3*skW)./se0(n)"3;
me(n)=(mG(n)+mQ(n)+mW(n))*Ke;
se(n)=me0(n)*Ke.*sqrt(wKe"2-+we0(n)*2+we0(n)"2.*wKe"2);

ske(n)=me0(n)"3.*Ke"3.*(wKe"3*skKe+we0(n)"3.*ske0(n)+weO(n)"2*wKe”2*6)./se(n)"3;
%mG(n).*gG+Qk(n).*gQ+Wk(n).*psiW.*gW
pfd(n)=Lnpf(mr,sr,skr,me(n),se(n),ske(n)); betad(n)= -ndinv(pfd(n));

end% end of the loop

ksi=1; psiQ=1; psiW=1; %reduction factor not considered
% Combination factors for expression (6.10) for one k=0, or two k>0
Rd=Rd*1.15/1.1; % adjustement for different for gm=1.10;

if k<=0.001;
gG=1.4; gQ=1.6; gW=1.4;
else
gG=1.2; gQ=1.2; gW=1.2;
end

%Eftect of the load ratio CHI for expression (6.10)

for n=1:21 %loop for CHI in the interval <0,1>

CHI(n)=0+(n-1)*0.0499;

mG(n)=Rd/(ksi*gG+(CHI(n).*(psiQ*gQ-+k*psiW*gW))./((1-CHI(n))*(1+k)));

sG(n)=mG(n)*wG;

Qk(n)=CHI(n). *mG(n)./((1-CHI(n))*(1+k)); mQ(n)=Qk(n)*mmQ; sQ(n)=mQ(n)*wQ;

Wk(n)=Qk(n)*k; mW(n)=Wk(n)*mmW; sW(n)=mW(n)*wW,;

me0(n)=mG(n)+mQ(n)+mW(n); se0(n)=sqrt(sG(n)"2+sQ(n)*2+sW(n)"2);
we0(n)=se0(n)./me0(n);

skeO(n)=(sQ(n)"3*skQ+sW(n)"3*skW)./se0(n)"3;

me(n)=(mG(n)+mQ(n)+mW(n))*Ke;
se(n)=me0(n)*Ke.*sqrt(wKe"2+we0(n)"2+we0(n)"2.*wKe"2);

ske(n)=me0(n)"3.*Ke"3.*(wKe"3*skKe+we0(n)"3.*skeO(n)+we0(n)"2*wKe” 2*6)./se(n)"3;
%mG(n).*gG+Qk(n).*gQ+Wk(n).*psiW.*gW
pfe(n)=Lnpf(mr,sr,skr,me(n),se(n),ske(n)); betae(n)= -ndinv(pfe(n));

end% end of the loop

% Ploting beta and pf and alpha versus CHI

ksi=0.85; psiQ=psil; psiW=psi2;gG=1.35;gQ=1.5;gW=1.5;
if k<=(1-psil)/(1-psi2);
a=1; b=psi2;
else
a=psil; b=1;
end
CHIlim=gG*(1-ksi)*(1+k)/(gG*(1-ksi)*(1+k)+gQ*(a-psiQ)+gW*k*(b-psiW))
CHIlimc=gG*(1-ksi)*(1+k)/(gG*(1-ksi)*(1+k)+gQ*a+gW*k*b)
for n=1:14
B(n)=3+(n-1)*0.15;
C(n)=10"(-2-(n-1)*0.35);
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end

maxbeta=ceil(max(beta));
maxpf=ceil(100*max(pf))/100;
h=figure(1);

% plot beta versus CHI
subplot(2,1,1)%CSN Beta: ,CHI betad,'r.", BSI beta CHI,betae,'k--'
plot(CHLbeta,'r',CHI,betae,'k--',CHIa,betaa,'b',CHIb,betab,'b',CHIc,betac,'g--',CHI betat, 'k -
.,CHIlimc,B,'g.',CHIlim,B,'b.",'LineWidth',1.5,'MarkerSize',5) %betaa, CHI,betab, CHI,betat,
grid,axis([0,1,3,6]) % maxbeta
ylabel('Index Beta')
subplot(2,1,2)
% plot pf versus CHI
semilogy(CHLpf.'r',CHI,pfe,'k--',CHIa,pfa,'b',CHIb,pfb,'b',CHIc,pfc,'g--',CHL pft, k-
.,CHIlimc,C,'g.",CHIlim,C,'b.",'LineWidth',1.5,'MarkerSize',5)
%plt using semilogarthmical scale, ,pfa, CHIL,pfb,CHI
grid,axis([0,1,1e-8,maxpf])
ylabel('Probability Pf")

%subplot(3,1,3) % not generally active

% plot Alphas versus CHI
%plot(CHILalG,CHI,alQ,CHI,alW,CHI,alr,CHIL ale,
%'LineWidth',1.5) %Alphasplt scale, ,pfa, CHL,ptb,CHI
%grid,axis([0,1,-1,1])
%xlabel('Load ratio CHI=(Qk+Wk)/(Gk+Qk+Wk)")
%ylabel('Alphas for A - (6.10)")
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Attachment 3 —- MATLAB function "Lnpf(mr,sr,skr,me,se,ske)"

function pf = Lnpf (mr,sr,skr,me,se,ske)
% DESCRIPTION, 19.09.1999
%  Lnpf evaluates the probability of failure pf considering the fundamental
%  limit state function G=R - E.
% CALL
%  val = Lnpf (mr,sr,skr,me,se,ske);
% FUNCTIONS USED
% Indens(x,ske,me,se).*Lndist(x,skr,mr,sr)
% INPUT
% mr :the mean of R
% sr :standard deviation of R
% skr : coefficient of skewness of R (must be given)
% me :the mean of E
% se :standard deviation of E
% ske :coefficient of skewness of E (must be given)
% OUPUT
% val :failure probability pf
% VERSION
% MH, Czech Technical University in Prague, Klokner Institute, 2.8.2003
% Initialization
cr=(0.5*skr+(skr*2/4+1)"0.5)(1/3)-(-0.5*skr+(skr"2/4+1)"0.5)"(1/3);%constant of
lognormal R
ce=(0.5*ske+(ske"2/4+1)"0.5)"(1/3)-(-0.5*ske+(ske"2/4+1)"0.5)"(1/3);%constant of
lognormal E
if cr==
r0=10"10;
else
r0=mr-sr/cr; %pbound of lognormal distribution of R
end
if ce==0
e0=10"10;
else
e0=me-se/ce; %pbound of lognormal distribution of E
end
% Determination of integration interval
k=10; % Coefficient of standard deviation
if skr>0; %R positive
if ske>0; %R and E positive
a=max(r0,e0);
b=min(mr+k*sr,me+k*se); % limit 6*sr
else
if ce== %R pos, E sym
a=max(r0,me-k*se);
b=min(mr+k*sr,me+k*se);
else % R pos E neg
a=max(r0,me-k*se);
b=min(e0,mr+k*sr);
end
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end
else % R sym or neg
if cr==0; % R sym c¢=0 (sk=0)
ifce==0 % both R and E sym
a=max(mr-k*sr,me-k*se);
b=min(mr+k*sr,me+k*se);
else
if ske>0 %R sym, E pos
a=max(mr-k*sr,e0);
b=min(mr+k*sr,me+k*se);
else % R sym, E neg
a=max(mr-k*sr,me-k*se);
b=min(mr-k*sr,e0);
end
end
else % R neg
if ske>0; % R neg, E pos
a=max(mr-k*sr,e0);
b=min(r0,me+k*se);
else % E sym or neg
ifce==0 % R neg, E sym
a=max(mr-k*sr,me-k*se);
b=min(r0,me+k*se);
else % R neg, E neg
a=max(mr-k*sr,me-k*se);
b=min(e0,10);
end
end
end
end
% Integration interval
if a<0
a=0;
end
delta=b-a;
a=a+0.00000001*delta; % adjusted integration limits to avoid singularity
b=b-0.00000001*delta;
if a>b
' error in input data, a>b, increase the lower limit of the design parameter'
pause
else
n=20; inc=(b-a)/n; Y=0; % parameters of integration, n may adjusted if needed
for x=a:inc:b; % Integration of failure probability by trapezoidal rule
e= Lndens(x,me,se,ske); % call Lndens
r= Lndist(x,mr,sr,skr); % call Lndist
Y=Y+ e¢*r; % sum of e*r
end
pf=inc*Y;
end
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Attachment 4 —- MATLAB function' Lndens(x,mu,sigma,sk)"

function val = Lndens (x,mu,sigma,sk)
% DESCRIPTION
% NDENS evaluates the one-dimensional normal density function.
% CALL
%  val = Lndens (x,sk);
%  val = Lndens (x,sk,mu,sigma);
% INPUT
% x :real vector of arguments
% sk :coefficient of skewness (must be given)
% mu :mean value; optional; default = 0.0 (i.e. standard)
% sigma : std. dev. > 0; optional; default = 1.0 (i.e. standard)
% OUPUT %  val: vector of normal density values for the x's
% VERSION % Milan Holicky, Czech Technical University in Prague, Klokner Institute
% 18.09.1999
if nargin <3
mu =0.0;
sigma = 1.0;
end
% Evaluate
X = (x-mu)/sigma; % normalize
c=(0.5*sk+(sk*2/4+1)"0.5)"(1/3)-(-0.5*sk+(sk*2/4+1)"0.5)"(1/3);%constant of lognormal
if c==0; % sk=0
x0=10"10;
else
x0=-1/c; %bound of the distribution
end
if sk>0; %check of x range
if x0>x
error ('x out of range')
else
end
else
if x0<x
error('x out of range')
else
end
end
%
if abs(c)>0.0001; %if for c=0 (sk=0)
tt=sign(sk)*(log(abs(x+1/c))+log(abs(c))+0.5*log(1+c"2))/((log(1+c"2))"0.5);
else
tt=x;
end
if abs(c)>0.0001; %if for c=0 (sk=0)
val = exp(-0.5*tt."2)/(sqrt(2*pi)*sigma*abs(x+1/c)*(log(1+c"2))"0.5);
else
val = exp(-0.5*tt.”2)/(sigma*sqrt(2*pi));
end
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Attachment 5 — MATLAB function' Lndist(x,mu,sigma,sk)"

function val = Lndist (x,mu,sigma,sk)
% DESCRIPTION, 18.09.1999
%  LNDIST evaluates the one-dimensional lognormal distribution function.
% CALL
%  val = Indist (x,sk)
%  val = Indist (x,sk,mu,sigma)
% INPUT
% x :real vector of arguments.
% sk :coefficient of skewness; default = 0.0 (i.e. normal distribution)
% mu :mean value; optional; default = 0.0 (i.e. standard).
% sigma : std. dev. > 0; optional; default = 1.0 (i.e. standard).
% OUPUT
% val :vector of the lognormal distribution evaluated at the x's.
% VERSION
%  Milan Holicky, Czech Technical University in Prague, Klokner Institute
% Initialization
if nargin <3
mu =0.0;
sigma = 1.0;
end
X = (x-mu)/sigma; % standardize
c=(0.5*sk+(sk*2/4+1)"0.5)"(1/3)-(-0.5*sk+(sk*2/4+1)"0.5)"(1/3);%constant of lognormal
if c==0; % sk=0
x0=10"10;
else
x0=-1/c; %bound of the distribution
end
if sk>0; %check of x range
if x0>x
error ('x out of range')
else
end
else
if x0<x
error('x out of range")
else
end
end
if abs(c)>0.01; %if for c=0 (sk=0)
tt=sign(sk)*(log(abs(x+1/c))+log(abs(c))+0.5*log(1+c"2))/((log(1+c”2))"0.5);
else
tt=x;
end
val = (1+erf(tt/sqrt(2)))/2; % transformed error function
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Attachment 6 — MATLAB function"Ndinv(x,mu,sigma)"'

function [x] = norminv(p,mu,sigma)
%NORMINYV Inverse of the normal cumulative distribution function (cdf).
% X =NORMINV(P,MU,SIGMA) returns the inverse cdf for the normal
% distribution with mean MU and standard deviation SIGMA, evaluated at
% the values in P.
% Default values for MU and SIGMA are 0 and 1, respectively.
%
% MH, Klokner Institute, CTU Prague 4.8.2003
%
if nargin <2
mu = 0;
end
if nargin <3
sigma = 1;
end
% Return NaN for out of range parameters or probabilities.
sigma(sigma <= 0) = NaN;
p(p <01 <p)=NaN;
x0 = -sqrt(2).*erfcinv(2*p);
X = sigma.*x0 + mu;
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Attachment 7 — MATHCAD sheet" Generic.Mcd”

Mathcad sheet "Generic" is intended to investigate conbination rules provided in EN
1990 by expressions (6.10), (6.10a) and (6.10b) considering a generic structural memeber.
Turkstra's rule ( 50 years extremes of a leading and annual extremes for accompnying
action) is applied forthe reference period of 50 years MH, August 2002.

Design expression: ROk/ M = ()yG*Gk + ¢ Q)yQ*Qk +(yW)*y W*WKk

Limit state function: gX)= p* RO - 0 *(G+Q+ W), RO=K*fu

Resistance of an elementR =p * RO is described by two parameter lognormal
distribution LN(ug,0r), basic variables RO by LN(@Rk, 0.06pR), ® =1/(1- 2*wR0) and p by
LN(1.1, 0.05).

Load effectE =0 * (G + Q + W) is discribed by &hree parameter lognormal distribution
LNa (ug,0FaE), permanent load G by N(Gk, 0.1*Gk), 50 yearsimposed load Q by GUM(0.6
Qk, 0.35Q), annual wind load W by GUM(0.3Wk, 0.5uW), uncertainty 6 by LN(1.0, 0.05).

Parameters: y=( Qk+Wk)/(Gk+Qk+Wk), k=Wk/Qk, factorgm, yG,yQ,yW, &, yQ, yW.

1 Input data: Constants:  £:=0.85 yQ:=0.70 yW:=0.60 k:=0.0 Rd:=1
Range variables:y :=0,0.09..0.99 ym:=1.0,1.05.1.5 yG:=1.1,1.15.1.5 yQ:=12,1.25..1.6 yW:=1.2,125.1.6
Load parameters: Normal distribution of G: uG =Gk wG:=0.1
Gumbel distribution of Q:  uQ = mQ*Qk mQ:=0.6 wQ:=035 aQ:=1.14
Gumbel distribution of W: W = mW*Wk mW:=03 wW :=0.5 oW =1.14
Model uncertainty 9, Lognormal distribution: uo:=1.0 w0:=0.05 ab:=3-wh+ W93

Resistance varables: R0 = ¢*ROk:  wR0:=0.0,0.12..0.35 o(wR0) := exp(1.65wR0) aRO(WR0) := wR03 + WRO’

Model uncertainty p, Lognormal distribution: pup =10 wp:=0.05 op:=3-wp + Wp3

2 Determination of the load variablesG, Q and W for a given resistance Rd
Characteristic values Gk=;G, Qk and Wk determined assuming Ed=Rd. Thus yG*Gk+y Q*Qk+yW*Wk=Rd

Rd
uGl(%,YG,YQ,YW) =
G (rQ+ ka) X Check:  [uG(0.5,1.35,1.5,1.5) = 0.351 |
(1+%-(1- )
QK ,7G,¥Q,YW) := “(‘?(xkﬁlm V) W) Wk(x,7G,7Q.yW) = k-Qk(%,7G,7Q,yW)  [QK(0.5,1.35.1.5,1.5) = 0.351 |

Ed(x,YG,yQ,yW) :=1G-uGlx ,vG,¥Q,yW) + yQ-Qk(x,¥G,yQ,7W) + yW-Wk(x,7G,yQ,yW) [Wk(0.5,135,1.5,1.5 =0 |

Normal distribution of G:  oG(y,yG,yQ,YW) := WG uG(y,,G,1Q.7W) [Ed(05,135,1.5,1.5 = 1|

Gumbel distribution of Q- 11Q(,yG,yQ,yW) := mQ QK ,yG,7Q,yW)  oQ(x,G,7Q.YW) := wQ-uQ(x,vG,¥Q,7W)

Gumbel distribution of W u1w(y,7G,yQ,yW) := mW-Wk(3,G,yQ.yW) oW(1,7G,yQ,7W) := wW-uW (3,7G.yQ,yW)

3 Load effectE =60 * (G+Q+W) =0*EO0:

The mean and st. deviation of EO: uE0(y ,yG,7Q,yW) := nGly,vG,7Q,yW) + nQlx,vG,7Q.yW) + uW(y,YG,yQ,7W)

2 2 2
GE((X,"{G,"{Q,'YW) :\/WGZHG(X,"{G,"{Q,'YW) + WQ2HQ(XHYGDYQst) + WW2HW(X,'YG,'YQ,'YW)

C-34
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The coefficient of variation of EO (without model uncertainty 9): HE0(0.4,1.35,1.5,1.5) = 0.596

oE0(y ,7G,7Q,7W)

nE(y,vG,yQ,yW) := u0-uE0(y ,yG,yQ.yW) wE(0.4,1.35,1.5,1.5) = 0.123
WEO(%,7G,YQ,yW)

WEO(,7G,1Q,YW) =

- o 2 2 2 2
The coefficient of variation of E:  w(y, 1G10,7W) = wEl1G,7Q. /W) + w6 + wEl 16 70, 1W)- wo

The standard deviation of E: oE(y,vG,vQ,yW) := uE(y ,vG,7Q,yW)- wE(y ,¥G,yQ,YW)

4 Three parameter lognormal distribution of E wE(0.4,1.35,1.5,1.5) = 0.133

Skewness of EO: 3 3
oQ(7,YG,¥Q,7W)"-0Q + oW (x,7G,7Q,yW) -aW

3
oE0(x,7G,7Q,YW)

aB0(x,YG,yQ, W) =

[aE0(0.4,1.35,1.5,1.5) = 0.614 |

Skewness of E:

wde,yG,yQ,yW)3~0LE0(X,yG,yQ,yW) + 6~w62~wde,yG,yQ,yW)2 + w93~a6

3
wE(3,7G,¥Q,YW)

aB(y,7G,1Q,YW) =

[0E(0.4,1.35,1.5,1.5) = 0.591 |

Parameter C:

1 1

3

3
2 2
4G4 W) i (Jabl 1610w + 4+ oy 16.10.9%)) - (Jabl 1610w + 4 ably 1610w

23

Parameters of transformed variable:

mHz,YG,yQ,7W) := ~In( |y ,vG,7Q,yW)| ) + In(cE(y,YG,vQ,yW)) - (0-$-ln(l + C(x,vG,vQ,YW)Z)

1
SE(x,7G,yQ,7W) :=\/1n(1 + C(X,VG,YQ,YW)2) x0y,7G,¥Q,yW) = uE(x,YG,yQ,YW) — ) oE(%,vG,7Q,YW)

c(x,7G,7Q,yW

Probability density of E, approximation by three parameter lognormal distribution: |X()(0‘4, 1.35,1.5,1.5) = 0.189 |

Eln(x,%,YG,yQ,yW) := dInorm(x — x0x ,vG,yQ,yW),mHy ,vG,7Q,yW ), sE(x ,vG,yQ,yW))

5 Resistance variables R =p*Ry:  .R(ym, wR0) := up-Rd-ymo(wR0)  [Check]  [uR(1.15,0.15) = 1.473 |

2 2
wR(WRO0) :=\/ WRO? + wp~ + WROZ-wp oR(ym, wR0) := wR(wRO) puR (ym) wR(0.15) = 0.158
6 Two parameter lognormal distribution of R

Transformed variable: mR(ym, wR0) := In(pR(ym, wR0)) — (0.5)~1n(1 + wR(wRO)2) sR (ym, wR0) = 1n(1 + WR(WR0)’ )

Distribution function Rin(x,ym, wR0) := plnorm(x, mR(ym, wR0),sR (ym, wR0)) mR(1,015) = 22.038 sR(1,0.15) = 0.157
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7 Failure probability and eliability indexp: d(y,1G,yQ,yW) := if(xdy,yG,yQ,yW) < 0,0,x0(3 ,vG,yQ,yW))
o0

pf50(y ,ym, wR0,YG,yQ,yW) := Eln(x, ,YG,7Q,yW) Rin(x,ym, wR0) dx  [d(0.4,1.35,1.5,1.5) = 0.189 |
d(x,vG,vQ,YW)

|pf50(0.0,1.15,0.15,1.35,1.5,\VW-1.5) ~1.645% 10 |
BIn(y ,ym, wR0,YG,yQ,yW) := —qnorm(p£50(x ,ym, wR0,7G,yQ,yW),0,1)  [BIn(0.0,1.15,0.15,1.35,1.5, yW-1.5) = 3.591 |

8 Reliability indexp versus ratio y: limit for dominant action: k.= ~—¥2  Check:
1-yW
a:=if(k <k0,1,yQ) b= if(k > k0, 1, yW)
Limit value of ; for (6.10a) and (6.10b)  (4G.10Q.7W) == G (1-8)1 + k)
16 (1= )1+ k) + [yQ-(a - yQ) + yW-k-(b - yW)]
- G(1-8)1+k
Limit of  for (6.10a-mod) and (6.10b) ya(4G.yQ.yW) = 161 -1+ K Jla = yxa(135,15,1.5)
vG(1-8)(1+ k) + (yQa + yW k-b)
Target probability p¢.=3.8 Auxiliary:  40:=3,35.5 = (1.35,15,1.5)
xa =0,0.05..x1 + 0.05 xb :=yla — 0.01,la + 0.04..0.999  yam:=0,0.05..¢la + 0.04 Check:

xc :=0,0.05.. yla + 0.04 [BIn(0,1.15,0.15,1.35,a-1.5,b-1.5 = 3.591 | [BIn(0.999,1.15,0.15,1.35,a-1.5,b-1.5) = 3.583 |

Turkstra's for 50 years:  wG=0.1 mQ=06 wQ=035 mW=03 wW=05 k=0 yl=031 yla=0.119

6

5.5

0 0.2 0.4 0.6 0.8 1

Figure 1: Reliability index3 corresponding to equation (6.10), (6.10a) and (6.10b).

Note that expression (6.10) is represented by solid red line, expressions (6.10a) and
(6.10b) by solid blue line,expression (6.10a,mod) by dashed green line, BSI
combination by dashed brown line, CSN combination by red dashed line, target
reliability index by horizontal black dashed line. The twin expressions (6.10a) and
6.10b) provide the most uniform distribution of the reliability inde) against the load
ratio y with reliability indexgreater than the target valuep = 3,8 for majority ofy.
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9 Reliability indexf versus yG ayQ:

B1(yG,yQ) := BIn(0.4,1.15,0.15,YG, a-yQ, byQ)

Figure 2: Reliability indexf
corresponding to expression
(6.10) versus partial factors
G ayQ.

Parameters: k=0

mQ=0.6 wQ=0.35 mW=03 wW=0.5

10 Reliability indexp versus ymay:

Figure 3: Reliability indexf
corresponding to expression
(6.10) versus partial factorym
and parameter y.

Parameters: k=0

mQ=0.6 wQ=035 mW=03 wW =05

B1,plt

B2(y ,ym) := Bln(y ,ym, 0.10,1.2,a-1.4,b-1.4)

B1t(yG,yQ) := 3.6

p2t(y,ym) == 3.8

B2, B2t
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11 Reliability indexp versus ymay:  p2(y,wR0) :=Bin(y, .15, wR0, 1.35,a-1.5,b-1.5)  p2t(y, wR0) := 3.8

Figure 4: Reliability indexf

corresponding to expression
(6.10) versus parameter y and :
the coefficient of variationwR.

Parameters : k= B

mQ=0.6 wQ=035 mW=03 wW=0.5

B2, 2t

12 Reliability indexf versus ym a wR: B4(ym, wR0) := BIn(0.4,ym, wR0,1.2,a-1.4,b-1.4)  B4t(ym, wR0) := 3.§

Figure 5: Reliability indexf§
corresponding to expression
(6.10) versus parameter yR
and the coefficient of variation
wR.

Parameters : k=0

mQ=0.6 wQ=035 mW=03 wW=05

B4, pat
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Attachment 8 - MATHCAD sheet"LoadEffect.mcd"

MATHCADsheet "LoadEfect"

Mathcad sheet "LoadEffect" is intended for investigation of conbination rules
provided in EN 1990 by expressions (6.10), (6.10a) and (6.10b) considering three loads: G,
Q and W. Turkstra's rule( 50 years extremes of a leading and annual extremes of an
accompnying action) is applied. MH, May 2003.

Design Load effect Ed = E)yG*Gk + (Q)yQ*Qk +(y\

Stochastic modet E= 6*(G+Q+W)

Load effectE =0 * (G + Q + W) is discribed by dhree parameter lognormal distribution
LNa (ug 06 aE), permanent load G by N(Gk, 0.1*Gk), 50 yearsimposed load Q by GUM(0.6
Qk, 0.351Q), annual wind load W by GUM(0.3Wk, 0.5uW), uncertainty 6 by LN(1.0, 0.05).

Parameters: y=( Qk+Wk)/(Gk+Qk+Wk), k=Wk/Qk, factorsyG,yQyW, &, yQ, yW.

1 Input data: Normailised load effect Ed:=1
Range variables:y :=0.001,0.01..0.99 yG:=1.,1.1..19  yQ:=1.2,1.25.1.6 YW :=1.2,125..1.6
Reduction factors: £:=0.85 yQ:=0.70 yW:=0.60 Loasd ratio: k:=0.0

2 Deterministic glabal factor:

Global load factor according to EN 1990 v(x,7G,7Q,7W) =G (1 = ) + (yQ + k-yW)- X
(1+k

3 Probabilistic models

Permanent load G:  Normal distribution of G: uG =Gk wG:=0.1
Variable load Q: Gumbel distribution of Q:  ;Q = mQ*Qk mQ:=0.6 wQ:=0.35 oaQ:=1.14
Variable load W: Gumbel distribution of W: W = mW*Wk mW :=0.3 wW :=0.5 aW =1.14

Model uncertainty Model uncertainty 9, Lognormal distribution: uo =10 wo:=0.05 o :=3-wb+ w93

4 Determination of the load variablesG, Q and W for a given load effect Ed = Rd
Characteristic values Gk=uG, Qk and Wk determined assuming Ed=Rd. Thus yG*Gk+yQ*Qk+yW*Wk=Rd

Ed
Gy ,7G,yQ,7W) =
{ G, Qe k-vW)-x} Check:  [uG(0.4,135,1.5,1.5) = 0.426
(1+k)-(1-9)
Q161 W) i LEALIGIQIW) G0 ) ke nGorQy W) [OROA0 35T 515 = 0254

(1+k)-(1-7)
Ed(x,7G,7Q,7W) =G uGly,vG,yQ,YW) + yQ-Qk(x,vG,yQ,yW) + yW-Wk(y,vG,yQ,yW) [Wk(0.5,1.35,1.5,1.5 =0 ]

Normal distribution of G: GG(X,'YG,'YQ,'YW) = WG“G(Xa’YGa'YQa’YW) |Ed(05’ 1359 157 15) =1 |

Gumbel distribution of Q1 Q(y,yG,yQ,yW) := mQQKy,vG,yQ,yW)  oQ(x,YG,yQ,yW) := wQ-uQ(x ,YG,yQ,yW)

Gumbel distribution of W w(y,yG,yQ,yW) := mW-Wk(y,7G,1Q,yW) oW (x,7G,yQ,yW) := wW-uW(y,YG,yQ,yW)
5 Load effectE =0 * (G+Q+W) =0*EO:

The mean and st. deviation of EO: uE0(y ,vG,yQ,yW) := nGly,7G,yQ,7W) + nQlx,¥G,yQ,yW) + uW(x,¥G,yQ,7W)

2 2 2
oE0(7,YG,YQ,YW) r=\le2'uG(x,vG,vQ,YW) + WQz-uQ(x,YG,YQ,YW) + WWz-uW(x,vG,vQ,vW)
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The coefficient of variation of EO (without model uncertaintyp): HE0(0.4,1.35,1.5,1.5) = 0.596

oE(y ,7G,7Q,yW)

WE(x,7G,7Q,yW) := n6-uEN(y ,¥G,yQ,yW)  wEN(0.4,1.35,1.5,1.5) = 0.123
HEO(y,¥G,Q,YW)

wE0(7,7G,7Q,YW) =

- . 2 2 2 2
The coefficient of variation of E: wE(y 16, 1Q.1W) = wEU . 1G,1Q.1W)° + w0 + wEU . 1G.1Q.W) w0

The standard deviation of E: GE(X,yG,yQ,yW) = uE(y,vG,vQ,yW)- wE(y ,vG,7Q,YW)

6 Three parameter lognormal distribution of E wE(0.4,1.35,1.5,1.5) = 0.133

Skewness of EO: 3 3
oQ(%,7G,¥Q,YW)”-aQ + oW(y,¥G,yQ,yW)”-aW

3
oE(y,.7G.7Q.7W)
Skewness of E: [aE0(0.4,1.35,1.5,1.5) = 0.614]

aBO(x,7G,7Q,yW) =

WE((X,yG,yQ,yW)3~ade,yG,yQ,yW) + 6 WGZ-WEdX,YG,YQ,YW)Z + w63-0c9

WE(X,YG,VQ,YW)3

aE(y,¥G,yQ,yW) =

[0E(0.4,1.35,1.5,1.5) = 0.591 |

Parameter C:

1 1

3

3
(\/aE(x,vG,YQ,vW)Z +4+ aE(x,vG,vQ,YW)) - (\/aE(x,vG,YQ,vW)Z +4- aE(x,vG,vQ,vW))
1

23

Ay, 7G,¥Q,YW) =

Parameters of transformed variable:

mHy,7G,1Q,yW) = —In(| C(x,vG,yQ,yW)|) + In(cE(x ,vG,yQ,yW)) - (0.5)~1n(1 + c(x,vG,vQ,vW)z)

P
SE(x,7G,yQ,yW) ::\/ 11+ lx,vG,yQ.,yW) ) x0(7,YG,YQ,yW) := E(x ,vG,yQ,yW) — ) oE(7,YG,yQ,yW)

c(x,7G,7Q. YW

Probability density of E, approximation by three parameter lognormal distribution: |X0(o.4, 1.35,1.5,1.5) = 0.189 |

Eln(x, 7,YG,yQ,yW) := dinorm(x — xtlx ,vG,yQ,yW), mHy ,yG,yQ,yW),sE(x ,7G,7Q,yW))

7 Theoretical value of the global factory for a given exceedance probability p of Ed:

p=P{E>Ed} p:=0.001,0.0011.0.006 Probability considered in EN: |1 — pnorm(0.7.3.8,0,1) = 3.907x 10~ 3 |

pp(Ed, x,7G,yQ,yW) := plnorm(Ed — xt(x ,vG,7Q,yW), mHy ,vG,yQ,yW),sE(x ,vG,yQ,yW))

Ed(p,%,vG,yQ,yW) := x0(,YG,yQ,yW) + glnorm(1 — p,mHy,YG,yQ,yW),sE(x ,7G,7Q.YW))

Ed(p. ¢ .1G.1Q.7W) [Ed(0.002 0.4, 1.35,1.5,1.5) = 0.884
EN(,7G,7Q,yW) [/p(0.002,0.3,1.35, 1.5, 1.5) = 1.228 |
[vp(0.002,0.3,1.5,1.5,1.5) = 1.228 |

w(p, %76, ¥Q,YW) =
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8 The global load factory versus ratio y: limit for dominant action: o:= ——¥2  Check:

1 -yW
Auxiliary quantities: a =if{k <k0,1,yQ) b = if{k > k0, 1, yW)
Limit value of y for (6.10a) and (6.10b) 4 (vG,yQ,yW) = vG(1-8)(1+ 1
1G(1-8)(1+ k) + [1Q(a - yQ) + YWk (b - yW) ]
. (1-8)1+k
Limit of 4 for (6.10a-mod) and (6.10Db) an(yG,yQ,yw) = YG( é)( LY yla:=yya(1.4,1.6,1.6)
1G(1-8)(1 + 0 + (1Qa + YW k-b)
Target probability pt.=3.8 Auxiliary:  40:=1,1.1..1.3 wl:=9x(1.351.5,1.5
ya:=0,0.05.%1+ 0.05 yb:=yla—0.01yla+ 0.04.0.999 yc:=0,0.05..%la+ 0.04 Check:
Turkstra's for 50 years:  wG=0.1 mQ=0.6 wQ=035 mW=03 wW =05 k=0

Figure 1: Deterministic global load factoryE versus y, code values corresponding
to equation (6.10), (6.10a) and (6.10b).

The global load factoryE corresponding to expression (6.10) - combination A is
represented by solid red line, factor corresponding to expressions (6.10a) and (6.10b) -
combination B by blue line and factor corresponding toexpression (6.10a,mod) -
combination C by dashed green line.Vertical dashed lines indicate boundaries for
validity of expressions (6.10a) and (6.10b) orexpressions (6.10a,mod) and (6.10b).
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Figure 2: Global load factory versus y, theoretical and deterministic values
corresponding to equation (6.10), (6.10a) and (6.10b).
9 Global indexy versus y and 'YQ vG:=135yQ:=15 yW:=1.5 F(p,x) = yp(p,x,yG,a-yQ,b~yW)
wp.x) =v(x,1-1.351-1.5, yW-1.5)

Parameters : =0

mQ=0.6 wQ=0.35 16wy /_7IL /_/_"
mW =03 wW =05 | / N /
=1 b=06 ///"//t"/
i ' -i'f”-_‘.f’x ff"/ :

ld-}.

I'(0.004,0.35 =1.198

13-4

Figure 3: Global factory versus
probability p and load ratioy
for load combination given by
equation (6.10).
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