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Expentenlal 5*cly  Hm-yyallecl Sluiclural
nbernla$$ eletenl$

OKCcnepnMeHT aslbHble UCCefoBaHUA TOHKOCTEHHbIX 3/IleMeH T OB KOHCprKLI,I/II‘/’I N3 cTekKnonnacT nka

1nHu3 3énity an experéTenéaé Telocé enas céenééopece énoraer 1o rxxMclie ébe €beoreiicaé re3niia an/l eTroresii T aées, bublcH are laken rméo
accouné rmblée caécukelng o/1e sHengr o/ iin-éayer eéeT erii3 MAUr cée/écés. THere buere céepneb. Ure pbysécceé ancé Tnecanéca! cHaracéeréslics
o/Vire ToT coTponeriis O/,qu33, consérncon glasspber anii béncéers (epoxy resén orpolyesler re3én oHbopblHagéc). PabncaHon éecéyuimes of
Wp. 3aT pées are slunTarerecé a/éerarncityses.

KeyntoT/13: Vian walleid 3énecéuraé, Tonbxa o/eéasiicy,rberglass eéenrenés, 6Taénganae, coT poBiie Taéereaés.

Paspal50oTaHa skcrnepumMeHT aflbHasi MeT 0fMKa A/19 MPOBEPKN A0CT 0BEPHOCT U T eopeT U4eCKNXpe3ysib T aT 0B U OLEeHKMN norpeLl Hoc-
Tel, KoTopble BHOCAT pas/IMYHOro poja AonyLLeHNsa B pacyeT bl HA MPOYHOCT b TOHKOCT eHHbIX 3/IeMEeHT 0B C MeXXC/oliHbIMM fethekT a-
MU.

MpuBefeHbl MQU3MKO-MexXaHNYecKne XxapaKT epucT UKN OCHOBHbIX KOMMOHEHT CT eK/0oMn1acTuKa - CTeK/10BO/IOKHa, KOHCT PYKLMOH-
HbIX CTeKN0T KaHeli 1 BAXKyL MXMaTepunasnos (3NoOKcMgHaa cMona uav noanacTepHas opTod Tanesas cMona), jaHa KpaT Kas xapakTe-
PUCT NKa T exXHOM0rMnN N3roT oB1eHNs 06pasLos.

Ha ocHoBe MeT040B MaTeMaTNYECKON CTaTUCT KN onpefesieHbl JOBEPUT e/ibHble UHT epBasibl 3KCNEPUMEHT aSlbHO MONYUYEHHbIX
cpefHUX3HAYEeHN Moy Na ynpyrocTn 1 npegena NnpoYyHocT U cTekonaacTnka NnpupacT SXKEHUN U CKaT UK, nNpejena NPoYHOCT U CT ek-
nonnacTuka npu narnbe.

Co3paHbl ABe 9KCMepMMeH T aslbHble YCT aHOBKMW ANS NPOBeAeHNs UCMbl T aHuii NnnacTuH U LMANHAPOB U3 cTek/onnacTuka Ha gelic-
TBUe paBHOMEPHO pacnpejesieHHOro fjasneHnsa PaspaboTaHa MeToanka NpoBeAeHUs 3KCNepuMeHT aflbHbIX uccnefoBaHuii. FpaHnyHble
yCNoBMA 3aKpen/ieHna KOHTYpPOB N1acTWH U TOPLOB LUAMHAPA MOTy T BapbupoBaTbCA 0T YC/0BMIA CBOGOAHOIO CTUPAHUA A0 XK eCcT KOro
3aKpenaeHuns.

KOHCT pyKLUKM 3KCNEePUMEHT aflbHbIX YCT @HOBOK M03BO/IAI0 T MPOMN3BOANT b 3aMepPbl MPOrM60B NAACT UH U HOPMasibHbIX NepemMeLl,eHniA
LUAMHAPOB C NOMOLLbIO MHANKAT OPOB YACcOBOI0 TUMNA C TOYHOCT b U3MepeHnii o 0,5-1(Y5m, MaMepeHne 0THOCMT e/IbHbIX AedhopMaLnii
NnPoBOANT CAMET 040M T eH30MeT pupoBaHus

CpaBHeHMe 3KCNepMMEHT a/lbHbIX JaHHbIX C TeopeTn4ecKUMun pesyibTaTamMmun No3Boano0 caeniaTb BbiBOAbI O TOM, YT O B pe3y/b-
TaTe CpaBHUT e/IbHO HU3KOW XX eCT KOCT M CT eKNonaacTUKoB Ha N3rné n cnaboli conpoT MBASIEMOCT M NONEPEYHOMY CABUTY NMPUMEHeHUe
T PagULNOHHON HeNpepbIBHO-CT PYKTYPHOU Mofenn nNpu pacyeTaX TOHKOCTEHHbIX apMUPOBaHHbIX 3/1leMeHT 0B KOHCT PYKLUUIi faxke B
HayanbHOW CTaAun Harpy>KeHus NpMBoaMT K 3HAYN T e/lbHbIM MNorpewHocTAM KpomMe To0ro, Nnpu nonepeyHom n3rnée TOHKUX NAacTUH,
Korga nporn6 cousamepum € T OJLLNHOM NNacT UHbI, HEO6XOANMO NCNONb30BAT b BpacyeT ax reoMeT pUYECKN HeNlMHelHble fechopMaLMoH-
Hbl€ COOT HOLLEHUA

KntoueBble cnoBa: TOHKOCT eHHble, CTPYKTYPHbIE, MOAY /b YNPYTOoCT U, CT €KN0BOIOKHO, 3/IeMeHT bl, TeH30AaT YNK, KOMMNO3N T Hble
mMaTepuasnbl,

Po3pob6neHa ekcnepMmMmeHT aslbHa MeT oAnKa A/1A rnepeBépKN A0CT OBEPHOCTE T eopeT UYHUX pe3yibTaTéB e OLeHKN NOXNGOK, siIKke BHO-
CUT bpasHoropoAy A0oMNyLLEeHNA B PO3paxyHKN Ha MXULICT b TOHKOCT EHHUX e/IEMEHIT B 3 MEXKLIapoBuMn gedekTamm

HaBefieHO (hé3nKo-MexaHEYHe xapaKT epucT MKN OCHOBHMUX KOMMOHEHT CK/0MNMAacTUKY - CK/I0BOIOKHA, KOHCT PYKLUEHUX CT eKoT Ka-
HUH e BRXXYUuXx MmaTepéanés (enokcmgHa cmosia 060 nonéecTepHa opTod Tanesa cmona), faHa KOpoTKa xapaKTepucTuKa TexHonorm
BUraT OBJ/IEHHSA 3Pa3KEB.

Ha ocHOBE MeToArB MaTemMaTUYHOE CTaTUCT UK BU3HAYET [0Bepyé EHTepBasin eKCNepUMeEHTCENBHO 0T PUMAHUX cepefLlX 3HaYeHb
MOoAyNA nNpy>Hocené MNeXxr MXUHOCTEé cknonnacT UKy Npupo3TAryBaHHE NCTUCHEHHE, Mena MCLUHOCT e CKNonaacT UKy nNpu 3rnHe.

CTBOpPEHO ABé eKCNEPUMEH T albT YyCT aHOBKU A1 NPoBeAeHNsA BUApobyBaHb NaacT UH T a unn/THApEB 13 cknonaacT UKy Ha Ano pasHo-
MEpPHO Po3NoAENeHOro TUCKY. Po3pobneHa MeT 04NKY NMPOBEAEHUS eKCNepUMeHT anbHUX JocnéaKeHb. MpaHNYHE YMOBUM 3aKPT NEHHSA KOH-
TYPSB NNACT UH e TOPUIo LN apa MoXXKY T b BApMoBaT UCA BelYMOB BE/IbHOTO CMMPAaHHSA [0 XXOPCT KOro 3aKp T /IeHHSA

KoHCT pyKLUN eKCnepMeHT a/lbHUX YCT aHOBOK [103B0/1H0 T b MPOBOAN T U BUNAPY NPIOTMHEB N1acT UH | HOpMasibHUX NepemMeLLLeHb LT -
[prB 3 A0MOMOro rHANKATOPEB FOANHHMKOBOTO TUNY 3 TOYHECT |0 BUMEPNoBaHb Ao 0,5-10-54 BumépnoBaHHA BEAHOCHMX fedhopmccLcli npoBo-
ONT bCAMET 0j0M T eH30MeT pyBaHHA

MOPEBHAHHA eKCNePUMEHT a/lbHUX laHUX 3 T eopeTUYHUMMpe3ynbTaTamMun 0380110 3p06UT N BUCHOBKN NPO Te, Lo Bpe3ybTaTe
MNOpPaBHS/I0 HU3bKOI XXOPCT KOCT € CKNoeracTUKEB Ha BUTUH I C1abKOoo ON3PHOErT NONepeyHoMY 3eyBY, 3aCT 0CyBaHHA T paanuLLIHoébesnepe-
PBHO-CT PYKTYPHOEMOEM MPU po3paxyHKax TOHKOCT EHHUX apLLl OBaHMX eleMeHI T B KOHCT PyKLUEli HoBeTh B NoYaT KOBEM CTaja HaBaHT a-
YKEHHS NPU3BOANT b A0 3HAYHUX MOrpeLlHocT eil. Kpam T oro, Npy nonepeyHoMy BU3NT T OHKWUX NAAcTUH, KONU NPOTUH CYMEPHUIA 3 T OBLL K-
HO NNacTUHU, HEO6XeHO BUKOPEECT OBYBAT N BPpO3paxyHKax reoMeT pUUHO HenéHeliHé fechopmaueliHé cT BBEAHOLL EHHSA

KtouoBé cnosa: TOHKOCTEAHE, CT PYKTYpbl, MOAY/ b NPY>KHOCTE, CK/I0BO/IOKHA €/1eMEHI T B, T eH304aT YMK, KOMMO3UT bl MaTepuana.



1nlrorincblon

Moiiern iber coTpo3iie Talen-
alsyiilbuTtiineclonal, layereii ani
cllten8ional 3MackT§ WIrr§s are
belero§eneons Talenals. Tbe aw-
30l ropy o-I'be properfes anii 3l'ruc-
Mbe

plasiic3 provivce a nutber o-rvn-

Mvral Tlealure3 o! retlorcei
natenral (Wiiculles. ATon§8 IbeT
18 Nbe e3labH3bTenlr d™Ibe 3lrensb
anii elaslc cbaraclfensalcs reguiiei
1o coTplele 3|/|LIJTer|I7Iy lbe en8i1-
neenn8 cerllcalton ol Ibe Tale-
nal. Tbe nutber ol Meinein cbar-
aclenslc3 iiepeniis on be MNype o!
aTt3olropy. Tbe pnnclpal 3cbeTes
Tclwniie Fbe cboTe o! loawnT§, T
yrblcb TIbe cbaraclen3lc3 ol Ibe
Talenal are To3l eas3ily a33oTalei
yii[blbe expenTenlaiy ielertreii
yalves, 'be cborwe ol be analyll-
cal apparalns lor 'be lrealTenl ol
expentenlfal anin coTtpulalonal
aszses3sTenl ol Ibe appWcallon rie-
peniienTe3 [1-5].

Tbe Mr3l coTposiie Talenals,
yrblcb are yiiiely n3ei T yanous
brancbe3s ol Toiern en8teenn§,
yrere iriber8lass. be3swn Mealures ol
onenlein 8las8-retlorcein plaslic3
are gyel kno\yn. 1n be ir3lr place i
18 a bl§b 3pecllc 3lren8b T Ibe re-
Trorcetenl nneclon. Hoyreyer, e
iiirolincrion ol Tbe Taw allyanlaSes
o a nutber ol niinculles 18 as-
3oTaleit yiilb a relalyely 1o\y barii-
ne33 ol 8las3-retlorcein plasiics
vniner lransyerse 3bear anin Nrans-
yer3e 3eparallon. Keslslance o T -
lerlayer 3bear anii 'ransyerse 3epa-
rallon or OKP13e™al lo =25 50
MPa, 0x2=2000 + 2500 MPa
a2=20 + 55 MPa [6, 7].

bo33

anm
ol beann§ capaciy ol
8las3-iiber plales anin 3bel13 uniier
be aclon ol coTpre33e loains ne
o weak cross-re3lslfance o 3epa-
rallon anin Tlrerlayer 3buT occurs
1lon§ belore reacbln§ be 3re33 NT-
n yalmnes. Tbese 3borlfcoTT83 are
parfcularly noviceable yriien TIbe
coTpo3iie Talenal ba3 a wnihlerenld
KT ol slrucfural velecl3 [8, 9].

Proincblon Tecbnolo®y ani
cHaracl'ensllce ol-8la33 3aTples

A3 aretlorcetenll T be Tanwn-
lacluvre ol nber§las3 3lruclfures Mbere
ya3s useli bl§b Toiinlus §lass Wber,
or royt8. Tbe 3lren8rb ol Tonolla-
Tenl be3 11 Ibe range ioT 3.4 OPa
[0 4.5 OPa. Tbe 3lranunarii reylaiion 18
approxlrtalely + 10%. Tbe Ta T rea-
3on lor Ibl3 yniie yanavion 18 Nbe pres-
ence ol velecl3 T [Ibe Kibers ani MNbe
nivence ol allTo3pbenc Tol3lure.

The resuniis ol Mensiie Me3l3 ol Mb-
er buninles or 3lrani3 18 aboul 20%
lolYer Nban 'be ayera8e yalues [or
TonollaTtenl3. ThiI3 18 explaTtei by
Mbe Macl [bal” aiier Mbe ruplure o k-
Y1val Mbers T be buniile Mbere ap-
pear3 a 3w Tincanl oyenyewbl ol be
resl ol Ibe Mbers. One ol Ibe ira\y-
backs, yblcb VT3 be n3e ol §las3
Mber royin§s, 18 a 3tall yalue ol lbe
elasvicitly ToMnlni. Tbe TaxlTut
yalue ol elasiicily Torinluna ol nwiii
reclfonal coTpo3iie3 Ve3 1 Mbe range
41.0 - 55.2 OPa.

Epoxy re3ln EB-20 §raiie, a3 nell
a3 polyesler resln, 18 aiiely nsein a3
a btiner. Olber M3de3 ol epoxy res-
T3 are also useii: brotTtalei haTe
- yal'b a bl§b ilire reslslance, pexlble
epoxy resT nyib a bl8b coeliiclenl” ol
[on8bness anii nclLUMy. A3 a parl” ol
be epoxy resln coTpositons, yan-
on3 cunng a8enl3 ani plasiicl2er3
are aimiiitonally appbeii. Tbe T03I
yiinely nzeinn cnnn§ a8enl3 are telll-
narilkan§lvinn ani nelbanolatlne.
A3 Tbe plasiicl2er lbulyl pblbalale
can be nseii. Tensiie 3lren8rb ol epoxy
re3T cas3l783 18T Ibe ran§e 55- 130
MPa, lensite Tolinlns - 2.8 - 4.2 OPa,
Mexural slrenslb - 120 MPa.

Tbe Talenal ani Blruclure ol
Nbe 8aTples

Thbe researcb resuiis presenlfen T
Ibl3 paper baye been oblaTteii lor MNbe
[yro lype3 ol 3atple3: 3eTl-ciicnlar
palTet3 ani lar§e Ibin-\yafei cylin-
iers Talie ol coTposiie Talenals.

1n be #r3l 3la8e ol Nbe 3lMnidy 3aT-
ple3 nyere oblaTteln yiil'b ciicnlar ani
sertclremlar MorT, Mbe liTer Vhateler

i) e) i)
Pra. 1. ExaTples o/ mbabena/i3
nsen T iir/lerenb expenTenbs

ol iyblcb nya3 192 T T anii an onler V-
ateler - 200 T 1. E18 1sbonys exat-
ple3 ol be Talenals mnsen T Vierenr
Mmals.

ExpenTenlal nyork anii analy818
ol reanis

Te3HNS§ ol 81a33 iber yarns

(1,a) represenl 3 'be Nype ol iber

n3enn T be Tanulaclfure ol coTposiie
Talenals. ExpenTtenl3 nyere coniincrl-
ei T orier lovielertTe Nbe TaxnnuT
loai carnein by a 3lreat, a3 weii a3 o
8el’ Mbe yalue o! elasbcily Tonrins ol a
3T781e 3IMn8. ExpenTenl 3 3bonyeii MNbal
Mbe TaxiinunT loa re3lr3 on MNbe 3bonl-
viers o! one iiony (0.5) o! Kenylon.

TesMn” ol Bynlbeiic yarne [lor
Tanwwnw loan. Tbe le3l 3rnn§ con-
3133 0la lar8e nuthber o! Torolbreaiis
ayiib Willleren l1en8Mb3. 1n be course
o! 'be expentenl Ibe 3eclton3 o! be
Ibreaii yiil'b 1en8Tb 1.0 T nyere nseii lor
re8isfralion ol elon8alion by MNbe 3enal
elecloTteler, yblcb 18 a dial 8awnse
b a lar8e re”3lereii 3lroke (20 cT)
ann a wvnye F'rot be le3l Mbreaii. The
loait Ya3 a 6-Hrer bolTle ol nyaler onlr
Mbal” Tya3 Mlkeii 3lep by 3lep nyiib caii-
braleii porfton3 ol yrarer. bry nye8bl
o-I'be bolMe 18 94.93 §, Ibe le3l3 yrere
perlCorTeit al loaii 3lep 50 § anii 100 §,
breaii 1en8Mb ol 1.0 T 1yas lixeii on a
supporl. YerlMNcaly alon§ lNbe LWaTtenl,
WMeiiecloTeler 18 iixeid, anii Mbreaii coy-
er3 13 iinye loop. Tbe \yaler Mank (loaid)
yras 3m3penieii al’ 'be ol'ber enii ol be
lbreain. P18.2 sbo’ys be expervinenral
Telboiis.

Tbe expenTtenl reyealein 'be bk
1o1yT8: 1. OYben loaiiln§3 mere ap-
pvienn T 1ncretenl3 o-50 §, Mbe wnl-
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Wnare 3lren8lU (a! break) ol Ibe
LWreati nyas 3.75 k8. 2. AYben loaii-
T83 nyere appWent T Tcretenls ol
100 §, NMe nlldtale 3lrren8lU nyas 2.6
K§ olyarn.

Tbl3 can be explaTei by be 0l-
lonyT8: 3T1ce [be len§lW ol rrcro-
LWreans nyas LWIMerenl, Wen a! 3lep
loali of 50 § al T1Y1Mual WiTe [Ibe
rTcrollreaiis nyere Sravally len§LL-
enen o a loral 1len§lU ol We Llreaw
ani~"Ten T Le 8enerallransler ol
loaii (1), anii a! 3lep loaii ol 100 §
LLlere nyere ob3eryeii e cppT83 ol
30Te rrcrollreaii3, a3 i 13 sbonyn T
Table 2, nyblle e len§llewn§ 3rnng
ol ,Jutp3 nya3 Tore Wan 2 1T1. The
fofal nuTtber ol rrcrollrearis ie-
creaseli, nyblcb reanieii T a iiecrease
ol mltale loali capaciiy.

Therelore, nye beHeye LUal be
rale ol loaiiT§ (3lep loacl) Llreaiis
3boulin be nortalirein. P.8. lor reler-
ence. UWblle MNe3rt§ LWe 3lren§tl ol
bricks 1n Mbe provinclrion, Moe rale ol
loalling 18 nortalren by 008T. Tbl3
13 live lo Mbe pbenoTenon callei
e creep. Wben Mbe loailiT§ rale
LWe 3lren8ll ol bncks
Tcreases _]|'vii§T§ by LUe lesnitony

TCreases,

ol We re3lt§ e™n”~ptenl, becanse
creep 3lraTt ihoe3 no! baye Mte o
3bony N3€eN.

1n our case, e 3iinalon 18 nnce
yersa. Tbl3z 13 Tiioalein by a yery
31all elon8alon ol We Llreain belore
Mbe cLUT (1). Yalwues ol elasiiciiy TON M-
1ns nyere oblaTeii aver a leny expen-
Tenrs, aniilbe resnis nyere analyreli
T [be pro§raTt Excel T oriier o ob-
MaTt We yalues ol elasllciy Toinbl3
egnal o 1.233-104 MPa.

Tesl3 ol 'be ektoHCKY TO<1M1N3

ol lon™unlnal to(lels
(1,b) 3bo1Ys 1te lypes ol TON -

els 1bal nyere seleclecl Mo elerTTe
LLle erasbcky To6ubl 3 ol lonSincknal
T0<1e18. T\yo rypes ol toclel81wyere cbo-
3en lor We Tyesb”abon. 1n 1be iiras!
lype ol re3bn§ ol LLe MNen3e 31ren§LL,
Le To6el nyinb Le cTenson3 (400 x
12x9 T 1) was 3elecle<l.inllle 3econii
lype ol re3bn§ ol coTpre33e 3lrensSrb
LLiree To<lel3 nyere cbo3en nyiib 1be LL-
Ten3ton3 (100 x 12 x 8 TT). Thbree
{ype3 oloab \yere nzec! lor eacb tobel
1o Tea3ure We Trens3ky ol 1be loab.
Tbere nya3 oblalnecl a larSe nuTber
ol reacng3 lor each 3aTple, anii MNben
e resulis nyere amaly2ecl T Excel T
or6er o 8l LLle yalmnes ol Nbe elasbc-
Ky Toclubl3. AlTer analy31s, nye calcu-
lalecl e ayera8e yalwes ol reaclins§s.
(Tbhe ayera8e yalue ol 3ltaln §an8e co-
eliclenlis e™mal o - ). Tbhe calculalec!
yalves ol LLle 1oacl celluyere iielerTTec!
n3T8§ Hooke's lany. Tbe le3l resanHs3 are
sbonyn T Pi8. (3) anb are sauTTanremn
T Table (1).

TeslNlB a Toclel ol be cOTpPO3-
Ke roit T'b a curyein |;ral'ufr

Tbere yrere convinclei Nyo MNypes ol
lesl3olcoTpo3siie roiis ybll LLe curyeii
3bape, a3 sbonyn T 8. (1). 1n LWe iArsr
l'ype ol lenston e3l 78 byo 3aTples
Yere 3elecleli byo 3aTples a3 a Toiiel.

Na. 2. Tesing Teblrovi/or blre

Table 1. THe analy3ara re3aunH3 o/ eTirences/or Nre longHuiirnal Tovel

bitber o

Type o expenTenl” saTples

lenston (expenTenl)

coTpresston (expen-
Tenl)

W N RN R

Np. 3. THeprocess/or oblarTng
o/ experrTenlal hata on
longlluknal Tmorels

Thbe 3aTples bat an TFeTtal WaTteler
(192 7 7), oulskre LWaTteler (200 T71),
blckness (4 T T) ani yinll 25 T7T1).
I nya3 necessary o nelertre nybelll-
er Mbe ForT ol 3aTples 18 vixeil Mnunng
LLle entire process or nol. The reanbs
ol I'bl3 process are sboyw T PI18. (4, a,
). A3 lo Le 3econii MNype ol coTpres-
3ton le3l3, Lle 3elecleli Tonels baii
e saTe Mrensions a3 Lle Toiiel ol
Mbe wrall MNype ol F'e3l'T§, a3 i 18 sbonyn
T 8. (4, c). Tbe reanbs ofall lNesl3 are
presenleii T Table (2).

A33e33Tenl ol Mbe elaslklly TO-
nius ol ciicblar Tnllllayer coTpoasiie
rois.

Kesuls o etplncal sMuiiles Yere
rieswner ann e 3aTples nyere Mabn-
caleir, a3 sbonyn T P18. 1, i. Tbe ForT
ol We 3aTtple3 aHony3 o lesl wnider-
enl Toriels ol clrcmlar or 3eTroarcblar
3bape al nnierenl” loaiis.

P18. 5 represenls a LW3conltu-
on3 3y3leT lor 3lallc Ne3r 78 ol telal
Tonels (2007 P - 0.5), p - 20) ani
Toie! (CBM - 50).

a) ) C)

Na.4. Manmn/acbnHng Teblrov
o/ expeHTenbal Toiiel o/ UVre
coTpo3He rov vnr a curoein

birreaii o/ a coTpo3He Tabenal aranng
MaxTtunrt Mean
Mbirber o boaii e MaxwuwT  lodiifo Eladmmmlmg eladially
slrar Samnse (Ke) b boaii (K8) rvplvre TOMNIN3
(MPa)
(Ke) (MPa)
2 200 7 1400 3075 2.303* 104 2.183*104
2 200 7 1400 3360 2.062*104
3 100 15 1500 1625 2.06*104 2.24*104
3 100 15 1500 1675 2.27%104
2 100 21 2100 2165 2.39*104



Table 2. THe analysrs reanHs o/ re coTpo3He rovi unlr a curoei

arannpg
Norber Cross-3ec-
TR e iy e e 2
(T723
1 100 3950 1975
TensVle lNes3
2 100 4600 230
CoTpresstor 1 100 135 6.75
lesl3 2 100 145 7.25
3lraT §aun8e coelliclenl 18 e*nallo -.
K =0.000002.
3cbeTe labkels on cylTiincal
3aTples ol 3[rat §amn§es are sboyT
a) b) 0 T WN§. 7. 3lraTt §aunses, Telboii3 ol
beb: labelT§, anw 3lraT Teasure-
Tenl are 'be 3aTe a3 lor be 3ub-
J'ecl3 ol 'be plales.
Por Tensle Tle3l3 Nyo lype3 ol
3aTple3 yrere cbosen T oriier lo
A e) ) vini Mbe yalme ol Mbe €la3M1CIMy TOW -

Mp. 5. THe prrncrpbe o/ operaHon
o/ ieTce3 anit eywipTenb nsen
['o ledal’ rkrrrons coTponenb3 o/
benl rows rn orvier o oblxiin Ure
elasHcHy Toiunbl3

Measuretenl anihi recornt§ ol
3lfrat3 aw! 3lre33e3. To Teasure
Mbe 3raT §an§e3 KP4P1-3-200 was
KoszelTe
consls3leii ol [lyro 3lrat 8§amn8es.

mnsen yiilb a baze ol 3 77

PoTl3 ol 3lrat label3 are sbouyn
T Ki8. 6 Tbe ayera8e yalwue ol I'be

nims. AlTer 'be T3lallallon yanons
l'e3l3 \yere carnew oul o rielerTTe
be yalues ol elasllclly Toclnlns lor
Fbese Tonels. Tbe re3nll3 ol Ibese
le3l3 are suTTanren 7 Table 3.

Te3l 78§ Ibe Tolel ol Mbe elag1CIY
Tonnlns ol Tull layereii coTposbe
3erwiclremlar rois.

1n le3l3 ol serwclrcular rovi Tare
ol coTposbe Talenal lyro Toliel3 yrere
3eleclein T orier Moielertre Mbe yal-
nes olyerbca! anii bonronra! N1splace-

Mp. 6. Pormb3 o/ 3brarn labels

Tenlr T Ibe ForT. P18.8 presenl3 Nbe
[e3lMn8 Telbold,
Tenll m3en T expentenl3 aHnen al
3ellin§-1ype 3lraln (2007 P - 0.5).

A nuntber ol 3lrat 8am8es yras

Vieurices anii epLup-

eslabli3bein lNor eacb Toiiel. The 3en-
9. Tbe re3mHs
ol 'bese le3l3 are represenleii T Ta-
ble 4.

30r3 are sboyw 1

Mpa. 7. Pornl labels o/ 3brarn
pavges on cyMniiHcc/1 3aTpbes

Table 3. THe re3anH3 o/ rHrrrons MNe3lr3/or aszessTenb o/ elllsblcHy Tolnbl3 o/ Vre coTpo3He Toiel o/ a

crrcular roii

Moiel ATber o o
MwuTtber expenTenl3 boai (K§)

1 50
2 50
3 50

1
4 50
5 100
6 100
1 50
2 50
3 50

2
4 50
5 100
6 100

MwuTber o
3aTples

Mutber o
3lrar Samn8e

Maxbnut
1oaii (K8)

n 470
n 470
10 450
10 450
2000
2000
450
450
450
450
2000
2000

RRbEBEBEBEBEBEBEBBSL

8S86BB6B8SY

Cross- Mean
3ecllornal Elad 1clly eI
area ol 'be Tocl vz < y
TONN1N3
3atple ( (MPa) (MPa)
TT2)
193.2 3.781*104
193.2 3.876*104
3.5682*104
193.2 3.301*104
193.2 3.368*104
193.2 4.47%104
4.465%104
193.2 4.46*104
196.4 3.419*104
196.4 3.618*104
3.511*104
196.4 3.883*104
196.4 3.124*104
196.4 5.23*104
5.055*104
196.4 4.92%104

KomnpeccopHoe 0 3Hepre Tuyeckoe M30LLUHOCTPoeHVe

N2 ) vb 2P



Table 4. THe reanl3 o/ barrons besbs/or asze3zTenl o/ elasblc.y Tolunbl3 o/ Vre coTpo3He Toliel o/ 3eTT-

crrecullr ron

Elasiicy Hon2ontat Yerlcal

Tocvln8  cBplacetenl  </Bplacerenl”
(MPa)

4.056*104 129 2234

4.0841104 11.32 19.89

4.109*104 12.33 20.26

4.275IN04 11.85 21.24

Moclel Neatber ol Neatber boaé Notber  MaxwiT Cross-
Nemtber expentenl3 o 3lfrar (K8 o! loaii (K§)  zeclronal
8am8e 3aTples area o e
3aTple
1 1 14 2 8 16 200
2 14 2 8 16 200
2 1 14 2 8 16 200
2 14 2 8 16 200
a) o)

Mpg. 8. THepnncrpbl o/ operablon o/ liernce3a ani eylwpTerii nsen bo
le3b banomn3 coTponenbs o/ benl rovis rn orvier 4o ablxiin Wre elasblcHy

Concln810n

Tbe coTtpan3on ol expentenlal
clala \ykb beoreiical re3aul3 allo\y o
coriclucle bal a3 a resuvll ol relallyely
low bariiness ol §las3-bencllng anii
yreak reslslance o 'fan3yerse 3bear,
be nse ol conyenlonal conllnuous-
3lruclfvral Toclel lor Mbe calculalton
ol retlorceii Ibiruyallecl 3lrmuclfural
eletenl3, eyen T [Ibe Tlal 3lra8e ol
loacing, leacl3 o 318nllcanl errors.
1n avicllon, be lransyerse benclng
of I'bln plares, Toben be Mellecrton 18
coTtTten3urale yblb I'be Nblckness ol
be plale 3boubl be n3eii T be cal-
cnlartons ol §eotelncally non-Hnear
elortalton relalrtonsblps.
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