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Wluwwnmwuph wpnhwwunipiniup: dwdwuwlywyhg ghtwpwpnyzju dby
nmwpwdnd  Gu gl  wuhbdwu  (wuwwpgniuwl)  Swdlybpn  dhwdny
tGpywpepbwnut otupbpp, npuntin hwunwunniu hwuwnnejwdp hwpe dhohwplwjhu
owdltipp htiudwdé Gu wudhowwtiu upniubiph ypw: <wpl £ gk, np hwdbdwunwsd
htdwuwjhu dwdlytipny 2tiupbph htitn npwup niubu dh pwpp wnwybinie)niuutp,
npnughg Gu gtiuph punhwunip pwpépnyejwiu ujwqbignudp, Yunwwwpwdwdwihu
wotuwwnwupubiph  mynipwgnudp, wquwn  dwpnwpwwbnwlwu twfuwgdnwip b
wj|u:

Uuhtidwu Sdwdéytipny obupbtiph Yunnignudp ulgpnid jwju Yhpwnnygint |
unwgb| ns ubjudwwlyuinhy gnnhubpnd: <wjwunwuh  <wupwwbinnyniuntd
ybnpohtu wmwphubipht unyuwbu dhnnud £ ujunynd wuhbdwu dwéybpny otiuptiph
Ywnnigdwt: Uhlbunyu dwdwuwly hwygh wnubing, np << -h nn9 wnwpwdpp
gunuyn £ ubjudwwlwphy gnunnd® gbuptiph Ypnn wwppbiph - woluwwnwupht
ybpwpbipnn ghnwlwu wouwwnwupubpt | wybih wpdtpwynp Yhwdwnpybu, Gpp
npwugnd hwoyh wnugh ubjudhy nidh wgnbignieiniup: <wnly £ ugki|, np gnpénn
shtwpwpwlwu unpdbpny s6Uu ddwd Ywd dwuwdp GU mddws wuhbdwu
owdltpny okuptiph  hwodwpyh npn2 npnypubp, npnughg hhduwlwuu k
ujniutipnid ubjudhy nidhg wnwywgnn dnnn dndbunh wgnbigniyejwt hwywnnuip
Swdlyh uwih ypw:

Uuhtdwu dwdyh hwdwlwpgbipny hbwnmwagnunnieniuttip hpwlwuwgyb) tu
huswbu hwpbuwywy, wjuwbu E wy bpypubph  ghwnuwywuubph  Ynndhg'
Pwpwjwu £.£., Htnpddwu W.E., Ynnhg EU., Unpnhs U.h., MEYhu *+.U., 2pdluyp
Jdod, Hhgbp L&, Dwubpu Fobowyiu

Uyuhwjwn £, np wpnhwlwu £ nunund pwpdpwhwnly obupbipnd wuhbdwu
swolytiph jwpjwdswntbnpdwnhy yhbwyh nwnwitwuhpdwu wuhpwdbonnyeiniup:
Uhluunyu dwdwuwl hbunwgnndwu pupwgpnud 2wwn Yupunp £ dhon uwpwgnt
hwaqwpluwyht dnntiutiph - hpwlywt  (wpjwdwnbdnpdwinhy  Yhéwyp  nwpptip
dhgbiph nbiypnwd: Nwwnh nwnwuwuhpnyeiniuutipp, npnup dhindwd Gu wuhbdwu
dwolytipny 2tuptiph L Ywnnygubph Ynuunpniyghwubph jwpgwdwnbdnpdwnpy
yhtwyh wnwyb| d2gphwn uywpwgpdwup, fuhun wpnhwywu Gu b Yuplnp:

UWhwwnwuph twywwwyp b puunphpubpp: Upjuwwnwuph uwywwwyu k
hGwnwgnnt| wuhbdwu dwoélbph (wpjwdwntbnpdwinhy yhbwyp, huswybiu uwl
hwoyh wnub hpduwhwu gnpdnutbpp, npnup 60 hwpdwplynd  Yud
hwoywpyynd  Gu dwutwyph  Wwuwwhwy  oGuptpp L Ywnnygubiph
Ynuunpniyghwubiph  twfuwgddwu  dwdwuwly:  ULpqwd  uwwwnwlubpu
hpwlwuwgubnt hwdwp npdby b néyb) Gu hbnlywi fuunhpubnp.




nwnwuwuhpt]  wuhbGdwu  Swdélbph  Ypnnnitwyniyejuu  quwhwwndwu
bnwuwlubpu  pun  Gquwugdwt’  hwdwéwiy <L -nd gnpdnn
ohuwpwpwywu unpdbph,

Ywwwpb| wnwug Jwjuwlwu wdpwuh dhwény] Gpluepbnnut wuhbdwu
Sdwdlh quwugdwu hwodwpyh hwibdwunwlwu Ybpndnyeiniu’ hwdwdwju
wwppbip Gplyputiph 2htiwpwpwlwu unpdbph,

Ywwwpb| dhwaény  Gpywepbwnnut wuhBdwu  Swdyh  Gquwugdwu
hwoJwpyh  hwibdwnwlywu  Jepndngeynit' hwdwdwju  wnwppbip
ohtwpwpwlwu  unpdapp’  hwoyh  wnubind  uwh wjuwlwu
wdpwuwynpnudp,

Ywwwpb|  wwppbp  pnhspubpnd b hwplwjunygyudp  dhwény
Gpywpeptinnut wuhGdwu  dwdlbpny  otupbph  hwdbdwwnwlwu
Jbpindnipnit’ hwiagh wnubny ubjudhy wgnbignyeniup,

quwhwuwnb] yywu b uwh hwugnygh pwjpwjdwu htwpwynp tjwgbignudp
pnyjwwpbih Juwujwdpubiph gnpdwyhgubiph oguwgnpddwdp,

puwpbp b dnnbpudnply hwagwpluih dnnbp, npp enyp Yuw Gagphn
quwhwuwnt] wuhtdwu dwdélh uwp JwpjwdwntEdnpdwnmhy Jphbwyp L
hwoyh wnub) unyeh ny qéwjhtu wotuwwnwupp,

hpwlwuwgub] wuhtdwu dwdytiph htwnwgnundp' hwdwdwju Jowhws
wwhwug-Gqwu dnnbih,

nwnuwuwuhpb] htwpwynp pwjpwydwu gdh &dubpp' Ywiudws wpuwpht
6hqbiphg,

Ywwwpb| pwgywsdpubph  wnlwjnyejwdp  wuhbGdwu  dwdlyh uwitiph
jwpqwodwntdnpdwnhy ypbwyh qguwhwinnud:

Lhnwgnnnipjut dEpnnupwunipiniup:

Nwnwiuwuhpbip hnwgnundwu wnwpluwjhtu ybpwpbipnn gpuljwunig)niup:
Ppwywuwgut;  hwdwwwwwuuwt  hwodwplubp'  oguwgnpdbiny
hwdwYwpgswihu dpwgpbp b hwdbdwwnwywu Jeppndnieiniuubp’ hwadh
wnubiiny ubjudhy wanbignie)niup:

Nwnuwuwuppbp W Ybpnst] wmwpptbp Gpypubpnd juunwpws thnpduwlwu
nyjwiubipp:

Lwdwywngswihu dnnbjwynpdwdp Yuwnwpbi thnp&duwywu
nwnwiuwuhpnyeyniutbn, npnup hpdujwsd Gu Yybpowynp wmwppbiph dbennh
pu:

Uoluwwnwuph ghnwlwl unpnypp:
Muwpqwpwudty £ unpdw; nmdbpp L 6nnn  dndGuwnubiph  hwdwwnbin
wqnbignipniuutiphg wuhbdwu Swdlyh uw|bpnid wnwwgnn

(wpjwswntbnpdwinhy yhdwyp' hwoyh wnubiny ubjudhy wgnbignieniup:
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e Unwownyyty bt << -nud gnpdnn ohtwpwpwlwu unpdbpnd  uwitiph
dquwugdwu  wwjdwund  hwyyh wnub] unwbph  dnnn  dndbuwnubph
wqnbignipniun:

e Mupqupwuyby £ wwppbp pnrhspubpny L hwplywjunyejuwdp wuhbdwu
Swdlh uwibph jwpwdwnbdnpdwnhy Yyhdwlu pun quwugdwt’ hwoyh
wnubny ubjudhy waqnbignyejniup:

e  Mupqupwuyby b pnyjwwnptih Juwudwsdpubiph gnpdwyhgubiph wpdtipubiph
thnihnfunipjwt wanbignyejniup uwih jwjuwlwu wdpwup Yypw:

e Unwownyyt bt wuhbdwu dSwdybph wpjwdwntdnpdwnphy Jhbwyp
quwhwuwnb] wwhwug-dquu dnnbiny:

e  Mupqupwuyt) £ huwpwynp pwjpwjdwt gdh dubpp' Yuiudwsd wpnwphtu
Ghqbiphg:

UWluwwnwuph gnpduwlju tywuwlnyeiniup: Upjuwwnwupnid unwgywsd
wprynwupubpp upnn Gu Yhpwnytip hwupwwbinnyeniund wuhbdwu  dwdyh
hwdwywpgny 26uptiph hwoywplubipnud: dbpohuu gwwn Ywplnp hwugwdwup k,
pwuh np <wjwunwuh <wupwwbinnyeniup gunuynd £ ubjudwwynpy gnunnud:
Unwgywsd Jbppndniginiuubipp enyp Yuwt  wydblh  Gogphinn quwhwnb
wdpwuwynpdwu ywhwugubipp W nwghnuw| pnhspubipp:

NMuwynwywunipjwup ubplujugynid Gu.

e wuhbdwu dwdyh dquwugdwt hwrquplubp' hwdwswju << -nui gnpdnn
ohtwpwpwywu unpdbph’ hwoyh wnubing dnnn dndbuwnh wgnbignieniup,

e uwh' wnwug Jwjtwlwt wipwuwynpdwu b jwjtwywt wdpwuwynpdwdp
wuhbtdwu  Swdlyh  uwbpnud  wnwowgwsd  gnpwithnn  (wpnwiubiph
hwdbdwunwlwu  Jbpnidngyuwt - wpryniupubpp' hwdwdwju  wwppbip
ohtwpwpwywu unpdbph’ hwodh wnubind gGuph  hwplwjunyeniup L
enhsputbinp,

e wuhbdwu  Swdlytph  Gquwugdwu hwodwpyp hwibdwwnwywu
Jepindnipjwu wpryniupubpp' hwodh wnubind ujwu nhppp L ubjudhy
gnunpu,

e wuhbdwu Swdlybph hwodwplyh wpryniupubpp' hwdwdwiu  punniudwd
wwhwug-Gqwu dnnbih,

e wuhbdwu dwdybph hwibdwwnwywu Ybpndnipjwu wpryniupubpp’ hwayh
wnubiiny ujnyeh ny gdwiht wofuwwnwupp,

e pnywwpbh Juwujwsdputiph gnpdwyhgubiph wpdtipubiph thnihnfunyejwu
wqnbignipniup uwn jwjuwlwu wdpwup Yypw,

e huwpwynp pwjpwydwu géh dubipp' wfudws wpwmwphu Shgbphg,

e uwbpnu pwgywdpubtiph wnlwynipjudp dwdytiph jwpjwdwntdnpdwnhy
ypbwyh ybpnidnyejwu wpryniupubipp:
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Chnwgnunipyuwu  wpyniupubph  hwjwuwmpnipymp:  Shunwlwu
npnyputiph, tgpwlwgnienituubinh W wnwownynysyntutbinh hwywuwnhnyeniut ni
hhduwynpjwdnieniup hwuwnwnynid Gu'

e wbuwlwt hwpdwplubphg L thnpdtwhwtu  hnwgnunnieiniuutiphg
uinwgywd wpryntupubipny,

e dwdwuwlwyhg hwoywplwihtu Spwgpbiph Yhpwndwdp,
e gnpdénn 2huwpwpwlwi unpdbipny:

Lhwnwgnnnipjub wpnyniupubph twhuwihnpdwhwywunyeniup:
Uwnbtwfununygjwt hhduwlwu wpnyniupubipp gbynigy b Gu.

e nwwunnuwu dhowqquwiht ghnwdnnnynud (p. Eunnfunyw, Lhwuwnw,
2015 p.),

o «Bwpnwpwwbwnnpuu W shtwpwpnipwu  wpnh  hhduwluunhpubpp»
funpwgpny VII' dhowqquiht ghnwdnnnynid (p. $nptughw, buwihw,
2015p.),

o  NTLUL «Chuwpwpwlwu Ynuunpniyghwubip» wdphnuh ubdhuwpubphu (p.
Gplwu, Cwjwuwnwu, 2014 - 2016 pp.),

o «BwulLwfuwghd» huunhinnun UNEC —nud,

o L —nud gnpdnn shuwpwpwlwt unpdbiph ybpwpbipjw) putwpynwdubpnid:

UwnbGuwjununipjui hpwwwpwynidubpp: Uwnbuwfununygjwu

woluwwmwuph  ptdwiny  hpwwwpwydtp £ pup ghwnwlwu hnnjwd, npnup
ubpyuwjwgyws Gu gpulwunysjwu guwuynid:

Uwnbuwlununipjwt juqgqdp b dwydwip: UnbGuwfununye)niup punlugwsd b
ubpwoénipiniuhg, 4 qfuhg, btgpwlwgnyeniuubphg W wnwowpynyejniuubiphg,
ognwgnpdywsd  gpwlwunyywu  gwulhg:  Upjuwwwupp  wpwnpjws L
hwdwlwpgswiht Gnwuwyny' nwydws 140 boh Jpw' ubpwnbing 57 uywp, 14
wnynuwy, 113 wuniu gpwywunyejwu gwuly b hwybiyws (26 Le):

uchuusSuuLh <UUUMS PNYULHUNRE3NRLL

Lbpwénpymup ubpywjwgund £ woluwwwuph  wpnhwlwunyeyniup,
Uwywwwlu ni fuunhpubpp, hGwnwgnunngjwt  dbpnnwpwunyeniup, ghnwlwu
unpnyep, gnpdlwlwu  Upwluwlnyeniup,  wwounwwunyeywt  ubplujugywd
npnyrutipp, htitnwgnwuinyejwu wprynituputiph hwjwuwnhnieiniup, htnwgnunniejwu
wpryntuptbiph - twhiwhnpdwhwywunyejniup,  wwnbuwfununyejwt  hpwwwpw-
Ynwiubpp, huswbu twl woluwwnwuph Yugdp b Swdwp:



Wnwoht qnifup tphpdws b wuhbdwu dwdlytipny hwdwywnpgbiph gnynyeniu
niubignn Gnwuwlubiph nwnwuwuhpnyejwup Y Ybpindnyesjwup:

Nwnwuwuppyt] Gu wuhbdwu dwdybpny hwdwlywpgbph hwojwpyuwjhu
dbennubpp' hwdwdw)u wpunwuwhdwljwu (CIL, Burocode 2, ACI 318) L hwjjulwu
(CHulIT) phtuwpwpwywt unpdbpp (uy.1):

N P I P
0.5h, ki 0.5h, oshy , | B| M, 05k

RN
S xmuuns I rws iy,
F L | L { } 1 | ]
hupjwpljuyhla + m huspuplyuyhis Mn}'\*/ uuy
F F,

kqpughd unih Eqpughd

P

w) P)
\/\ uynil \/\ wynil
I P I P
2d ‘ 2d 0.5d ‘ b, 05d
Mg p T~ Mu
A AT TRRENE S b SN S
/ hwpywpluyhi \ﬂL hwpywpluyht // \HL
Gqpughd ‘ unih tqpughd ‘ uynil

) n)
LY. 1 8qiwugdwu hwadwpyh wwydwuwwu dnnbutp, hwdwdwju CHuII 2.03.01-

84* (w), CIT 63.133330.2012 (p), Eurocode 2 (q) Lt ACI 318M-14 (n)

<< —nwd gnpénn ohtwpwpwlwu unpdeph hwdwdwiu' uwh Gquwugdwu
hwoywpyh  dwdwuwly, nhunwpyynd £ ywtu Jpw  dhwjy  unpdwp nidh
wanbgnieniup (Y. dw), huYy hwdwdwju wy Gpypubph gnpdnn 2htwpwpwywu
unpdbph (UY.1p,q,n) hwodh £ wnugnu huswbu unpdw) nidh, wjuwbu E énnn
dndbuwnh wgnbgnyeniutbpp:



Gpypnpn qnifup udhpdwsd £ nwppbp 2htwpwpwlwu unpdbpny uwitpph
dquwgdwu hwyjwpyubph hwdbdwunwywtu Jbpndnyegywup: bpuwlwuwgyly Gu
wnwig Jwiuwywt wdpwuwynpdwu U wjitwywu wdpwuwynpdwdp  dwdlyh
uwibph 6quwugdwu hwodwplubp' hwodh wnubiny ubjudhy wgnbgnie)niup:

DYhwwpydtp Bu dhwaényp Bplueptnnut wuhbdwu Sdwdybpny otupbtiph
wnwppbipwlutp, wnwug Jwjuwywt wdpwuwynpdwu: Chupbpp Gpynt L snpu
hwpywuh GU* 4 L 7 J pnhspubinny (uy.2): Uuhbdwu dwdlybpny sbupbpnid uw)bipu
nubu 22 ud hwuwnnyejniu, huly upnbpp pwnwynwh hwnwsdph tu 50x50 uwd
swihtiph:

LY. 2 Uuhbdwu hwdwlwpgny otuptiph yapowynp tnwppbipny tnwswid dnnbjutp'
Gpyhwplwuh 4 L 7 J pnhsputipny 26up (w, p), snpuhwplwuh 4 L 7 J pnhsputipny
2bup (g, n)

Cwdwdwju CHull 2.03.01-84* L CIT 63.133330.2012 -h' uwhdwlwhu
onpwithnn jwpnuip wnwtg (wjuwlwu wdpwuwynpdwt unwgynd £ 0,9 LAUP,
huy hwdwdwju Eurocode 2 -h' 0,462 U/AUP: Unubpnud wnwowgwsd Shgbnh
npn2dwt hwdwp Yhpwnyby £ yepowynp tnwpptiph dbennp, nphg htwnn uwtipnid
wnwowgwd 2ongwithnn (wpnwiubpp npnadbp Gu  &binph  hwdwpyh  Jdhongny:
Ybippwynp wwppbiph dbpnnny wuhtdwu dwdytipny otiuptiph wnwug (wjuwlwu
wdpwuh  hwowplubpp Ywwwpbine hwdwp  oguwgnpdyti £ «Lira SAPR»
opwgpwihtu  thwpbpp:  dbpgwynp  wwpptiph - dbeanny - hpwlwuwgdws
hwoywplubiphg, Ynuuwmpniyghwubipnud unwgyby tu dhgbp: Unwuwind wn
Ghabpp' ppwlwuwgyby £ hwodwply, W npnadbp Bu onpwithnn jwpnuiubpp wnwiug
(wtwywu  wdpwuwynpdwl, hwdwdwiy  hwdwwwunwufuwt  2hutwpwpwlwu
unpdbiph:

Udihnipnd  unwgqwd  wpryniupubipp’ wluhwyn &, np 4 J pnhspny
Gpyhwpywuph wuhbdwu Sdwdyny stuph dhoht L Lgpwjhu uniubph nbwpndd,
nhunwpyjwd pninp 2htwpwpwlwu unpdbph hwdwdwju, wnwug (Jwiuwywu
wdpwuwynpdwt vwih dquwugdwt wwjdwup pwjwpwpyws £ Uwlwiu Yupbih b
uywwb, np 7 J pnhspny bGpyhwplwuph wuhBdwu Swoéyny otuph uwnid
wnwowgwd 2nawthnn jwpnwiubipp dnnwynpwwbu Bpynt wuqud wybh J6§ Gu,
pwu pnywuwpbih wpdbpp: Pwgh npwuhg' 7 o pnhspny snpuhwpywuh wuhbdwu
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dwoyny obuph nbwpnwd, hwdwdwju GYpnwwlwu unpdbph, Gquwugnuip
gbpwquugnud | pnyjwwnpbhtu dnn 3 wuqwd b 2,5 wuqud' hwdwdwiu nnwuwluwu
ohtwpwpwywu unpdbiph:

LYwfuwd dh pwpp gnpdnubiphg' pivinup nwu, wdpwuh nwu, wdpwuubph
dhol pwj) b 6guwiugdw pnipgh wwpwaghd, wjtwywu wdpwuwynpndny dwdyh
uwlh penywwnpbh 6quwugdwu dbdnyeniutubpp, hwdwdwju CHull 2.03.01-84*
hwjwuwp £ 1,20 LA, hwdwdwju CI 63.133330.2012 -h' 0,352 U/UiP, Eurocode
2 -h nbwpnd hwjwuwp £ 1,526 LAP b hwdwéwju ACI 318M-14 -h' dhohlu nt
Ggpwiht uniubph hwdwp wjtwywu wdpwuwynpnuwing pnywnptih 6gdwugdwt
ddneyniuubpp hwdwuwp  BU hwdwywwnwuuwuwpwp 1,174 LUP L
1,208 U Unwuwin wyn éhgbpp' hpwywuwgyly b dbnph hwodwpy, b
npnotp B wjuwlwu  wdpwun  9onowihng  qupndubppt hwdwdwgu
hwdwwywwnwufuwtu Phtwpwpwywu unpdbiph, npnug wpdtipubpp ptpdwé Gu
wrynwiwl 1 -nwd:

Unyniuwy 1
Cnywihnn jwpnuiubiph wpdtpubpp jwjtwwt wipwuwynpdw nbwypnid 2 -pn
ubjudhy gnuint hwdwp

= = 91' = Qwpjwpluyhti gnpwihnn jwpnud, L/du?
% é % = 3 CHull CII
e 203.01-84% | 631333302012 | EN2 | ACI3L8
1 0,310 0,184 0,719 = 0,350
, 2 0300 0,184 0,723 | 0,344
3 0,290 0,145 0,550 = 0,322
2 4 0,260 0,090 0,320 = 0,298
= 1 0,970 0,338 1,142 1,098
, 2 0960 0,345 1,170 1,090
3 0,950 0,304 1,002 1,051
4 0,850 0,231 0,723 0,946
1 0,540 0,191 0,584 = 0,359
, 2 0280 0,142 0,552 | 0,292
o 3 0,290 0,122 0,458 = 0,206
s 4 0,160 0,066 0,241 0,182
S 1 0,610 0,274 0,963 0,719
L S 2 0470 0,256 0,905 0,563
3 0,610 0,265 0,901 0,501
4 0,410 0,173 0,573 = 0,456



Udihnihtind 4bpp tdwsd hwodwplubpp, pwgwnniejwdp 7 J pnhspubipny
snpuhwplwup oGuph dhohtu vjwu nbwph, Juwgwsd pninp nGwptph hwdwp uwip
YpnnniuwYynyeynitu punn 6qiwugdwt pwdwpwpnwd £ unyuphuy wnwug jwjiuwlywu
wdpwuwynpiwt' hwdwdwju CHull 2.03.01-84* -h: CII 63.133330.2012 -
nhunwpytnt nbypnud (wjtwwu wdpwuwynpnwing pnyjwunpbh b wnwybjwgnyu
onpwthnn [wpnwiubph dholt mwppbpnientup dnunwynpwwtiv 4 % k£ Pwgh wjn,
hwdwdawju Eurocode 2 -h U ACI 318M-14 -h wyu tnwppbipnyesniuttipp hwutnd Gu
hwdwwywwnwufuwuwpwnp 34 L 7 % -ubph: Uw tpwuwynd £, np hwodwpyh
wpryntupubipny unwgywd jwjtwywu wdpwuwynpnuwing wnwybjwgnyu 2npwithnn
jwpnuubiph wpdtipubpp owwn dnin G (wjtwwu wdpwuwynpnwing uwhdwuwihu
onpwithnn (wpnudubiph wpdbpubiphu:

(Fnyjwwnptih Juwujwsdpubph gnpdwlhgp (k) hinthnfudnd £ Yufudws
ubjudhy gnuinig L Ynuunpnighwih  wnbuwlyhg: Gplwpepbnnut  wuhbdwu
owdltipny hwdwlwnpgh nbwpnid pnyjwwnpbh Juwujwsdpubph gnpdwyhgp 3 -nn
ghunint hwdwp punniuynd £ hwjwuwp 0,35-h Ywd 0,4-h hwdwwwunwufuwuw-
pwp 2powuwlwiht Ywd 2powtwlulywwwiht hhduwydwfupny sGuptiph hwdwnp:
Uwlwju wuhbdwu dwdlybtipu hpbug nmwpwdwywu wouwwnwupny wnwppbpynid tu
opowuwlwihu obupbtphg, wjn wwwbwnn nwnwuwuppyb] Gu  enywnpbh
Juwudwdpubtiph  gnpdwlyhgubph  wpdbputiph  hnthnfunyejwt wgnbignieniup
(wpqwoéwntdnpdwwmnpy yhbwyp ypw, dwutwynpwwbiu énnn dndbunp wpdtiph
Ypw: Unyu hbinwgnuinyejut bwywunwyu k, npnoby obuph dwolh uwihu Yhg ybphu
L uwnnphtu  yniutiph  6nnn  dndbunubipu nu ubndnn  ndtipp, qUwhwwnby
lwpywdwntbnpdwwhy - Jhéwlh  intinfunipniup’ Ywiuws - pnyjwnptih
Juwudwsdpubiph gnpdwlhgutinhg:

Unwgyws 6Ghgtiph  dhongny huwpwynp £ nwnund npnotp  uwbiph
dquwugdwt  wwydwuubpp  puswbu  unwwnply,  wjuybu b ubjudhy
wanbignipniuutiph nbwpnid hwdwdwju <L -nwd gnpdnn ubjudhly unpdbiph: Syjuw)
nbwpnwd nhunwnpyyty £ snpuhwplwuh nhwhpwgdwutipnyg, dhwaény wuhbdwu
dwoltipny obup:  Thupu muph  wwpg hwwnwlwugdwht  mdnd.  Bpynt
ninnnipniutbpny 6 J Bplupnejwdp Bpbp erhsp, hwpyh pwpdpnegnup® 3 4 L
nhwdpwgdwih hwuwnyeniup' 16 ud: Uiniubiph jwjuwywu hwndwsdpp punnayby b
50x50 wd, huly uwh hwunneniup' 20 ud: <Gnwgnuingpjwu  dwdwuwy
nhunwpyyt| Bu mwppbp pnyjwwpbh Juwudwsdpubph gnpdwyhgubph wpdbpubp'
0,4, 0,7 L 1,0: Npnpybp Bu wpunwphu ubindnn nidtpp, onnn  dndGuwnubpp
dtidnipniuttipp, 6quwugdwu nidbipp U jwjuwlwu wdpwuubph dwybpbuubpp:

dbppwynp wwppbiph dbpnnny unwgywsé wuhbdwu dwdyny otuph dnnn
dndbunubph U jwjuwlwu wdpwutubph Jwybpbuubph  wpdbpubpp’ Ywiu]ws
pnyjwuwpbh Juwudwsdpubph gnpdwlyhgubphg' hwdwdwju unwwnply L ubjudhy
pbtnudwépubpp pipjwé Gu wn. 2 -nud:
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Unwgyws wpryniupubipp gnyg Gu wwihu, np wnwybjugnyt uwnnphu
ubndnn nudp, npp Guwynpynwd £ donwlwt, dwdwuwlwdnp Gplupwnbe b
dwdwuwlwynp Yupdbwwnl pbnudwdpubiphg, wnwowunwd £ wnweht hwpynud
1461,60 4L dbdnipywdp, huy Jtiphu ubindnn ndp' 1096,30 U dbdniejwdp: Onnn
dndbunubiph  wpdtpubipp, uwmwgwd Jbpowynp  wmwppbiph  dbpnnhg,
wnwybjwgnyup uwnmwgynud Gu ubudhy 3 -pn gnuine hwdwp:  (Snywwnpbh
uwhdwuwjhu dqiwugdwt nidp hwdwuwp £ 322,40 U/Ad: Unwybjwugnyu
dqlwugdwu nidtiph  wpdbtipubpp  woluwwnwupwiht  pwpdpnyejwt  hwdwp ny
ubjudhy gnuni, 1 -hu, 2 -pp b 3 -pn ubudhy  gnunphubiph hwdwp
hwlwwwunwufuwuwpwp hwjwuwnp Bu 169,49 UMY, 185,69 U/Ud, 198,17 U/dd L
204,91 U/dd: Ukjudhy ptinuwdph nbwpnud' Ywfujws 0,4, 0,7 L 1,0 pnywwnpbih
Juwujwdpubtiph  wpdbtiputiphg uwnnppht énnn  dndbuwmubph  dbdnyeyntuutipp
yintubpnud, hwdbtdwwnbing unwwnhly pbnujwéph nbwph htn gbipwquugnid Gu
hwdwwywwnwufuwuwpwnp 2,64, 3,98 L 5,32 wuqwd, huy ubudhy ptinudwdph
nbwpnud, unnpht énnn dndbunubph dGénieyniuutpp uniubipnud, hwdbdwwnbing
0,4-h, 0,7 L 1,0 pnywwupbh Juwujwsdpubph wpdbputiph nbwph hbw,
gbipwqwugnud U hwdwywunwupuwuwpwp 1,5 b 2,0 wugqwd, huy jwjuwlywu
wdpwuubiph dwybiptiuubpp gpwquugnud Bu 1,11 L 1,15 wuqwd:

Unnuwy 2
Ujwti énnn dndbuntubph b jwjtwywt wdpwitubph dwybkpbuubph wpdbpubpp®
Juwiujwé pnyjwwnpbih Juwujwépubph gnpéwyhgubtphg 3 -pn ubjudhy gnunne

nbwpnid
Uwninphtu dbpht dnnn Lwjuwlwi
@nyjwwnpbih = oénnn wdpwuhp
=2 dndbkuw,
q.hwu[,lwbp‘uhph 3 dndbuw, L dwthbu,
J Yuxd
qnpéwyhg (ki) huxda ur?
Mx,inf My,inf Mx,sup My,sup Asw
1 -35,5 | 13,7 | 13,7 | 16,0 14,2
04 2 -28,1 | -159 | 27,8 | 15,9 13,7
’ 3 | -257 | -13,6 | 26,6 | 12,5 12,2
4 | -349 | -16,4 - - 7,54
1 20,1 | 19,8 | 54,1 | 54,7 14,3
07 2 417 | 41,7 | 43,8 | 44,0 15,8
’ 3 417 | -41,9 | 38,6 | 38,8 15,8
4 | -52,6 | -52,9 - - 7,54
1 254 | -25,0 | 72,8 | 73,5 15,7
10 2 | 55,5 -56,0 | 59,5 | 59,7 16,2
’ 3 |-569 | 571 | 514 | 57,1 16,3
4 | -70,3 | -70,7 - - 7,54
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Gppnpn qinijup udppwd F wnwig  jwjuwlwu  wdpwuwynpdwtu b
(Wuwywu  wdpwuwynpdwdp  uwih  6qwugdwu qéwjhu L ny  qdwhu
hwodwplubph  hwdbdwunwywu  Jbpnidnyejwup, ptuswbu twlb wnwowplynn
hwoqupywiht Gnwuwyh hhduwynpdwup gnjnejniu niubignn thnpdwpwpwywu
wnyjwubipny:

YUnuuwnpniyghwih wofuwwnmwupp nih gdwjhu punye, tpp npw Yypw wqnnn
ptnujwéph U  wbnwuihnfunigjuwtu Yuwp qdwihu  k, hwlwnwly nbwpnid
w2fuwwnwuph punypp ny gdwihu b <bwnwqgnuygby tu dhwény] tpluepbnnub
wnwug wpunwybunpnunyywu, 0,16 U 0,32 J wpunwybunpnunyeniutbpny
wuhbtidwu dwdltiph dnnbjutip: Uwh Gplwpnieniup b qwjunyeiniup 3 J'k, huy npw
hwuwnyejniup 15,0 ud: Uwh wofuwwnwupwihu pwpdpnyeniup 12,1 ud £ Ujwu
(wjuwlwt Yupdwsdpp pwnwlnwh £ b hwdwuwp £ 30x30 ud, huly pwpdpnysniup’
1,25 d: Ujwtu unnpht hwndwsh Gpywpnyejniup 0,4 J &, huy bphu hwindwsh
Gpywpnipniup’ 0,7 J: Pwnnup funpwuwpnwihtu ubnddwu nhdwnpnyeyniup 45,0
UNuwt:

Pwgh wpwnwphtu wgnnn utindnn ndhg' Ybipindnyejwu hwdwp hwoyh k
wnuyb] twl vwh b ywt ubhwlwu pwop: <wdwlwpgbph hGnwgnunniejwu
hwdwp oqunwagnpdyti £ ypowynp wnwpptiph dbennp (uy.3):

LY. 3 dbhpgwynp mwppbipny dnnbubp’ wnwug wpunwybunpnunyeywu (w), 0,16
(p) L 0,32 U (gq) wpunwybuwnpnu pinujwépubipny

dbippwynp wwppbph dnnbuwynpdwt pupwgpnd Ggpuiht wwydwuubpp
uywpwgnyby tu pwgnighs wwppbpny, npnup niubu 20,0 ud pwpdpngyniu b
wnbnwlwywsé Gu dhdjwughg 15,0 ud hbnwynpnygjwt Ypw: Wn wwppbphu npybg
£ dbS ubinddwt U thnpp dquiwt wdpnygyniubin:

Uwih wnwybugnyu d4wdpubpp' Yuwfuqwsd nidbiphg, géwjhu W ny qdwjhu
nbwpbiph hwdwp, wnwug Jwjuwwu wdpwuwynpdw, gnyg Gu mpdws ulwp 4
-nwi: huswybiu Uywwnynid £ wpryniupubiphg, wnwug (wjtwlwu wdpwuh, géwjhu b
ns qéwjhu Ybpnidneyniuttiph dhole tnwppbipnye)niup qquwyh k:

Unwug (wjuwlywu wdpwuh ny gdwiht wofuwwnwuph nbwpnwd 0,0 J, 0,16 4
L 0,32 J wpunwybuwmpnunyeniuutph hwdwp, uwh Gywdpp unwgyb) b

12



hwlwwwunwufuwuwpwp 5,1, 6,2 b 5,9 wuqwd dbs, pwu qdwjhuh nbwpnud:
Pwgh npwuhg, uwhdwuwht wpwwpht wgnnn ubndnn nidp, hwdbdwnbing
wnwug wpunwlbunpnunpywtu nbwph hbwn, 0,16 J wpunwyGunpnuniyejwu
ntwpnw twgnt £ dnin 22 % -ny, huy 0,32 J wpnwlbunpnunyejuu nbypnid'
dnwn 36 % -ny:

I 350
400 / SnB /
/ 300 /
/ /
300 / 20 /
5 / /
= / 2 200f |
° - / > /
£ £00 E 1s0b |
/ /
§o” 100F/
100} 4 [+
/ /.
/ 50}
b
0 0
0 5 10 15 20 25 0 5 10 15 20 25

UnwiGpugnyt ydwdp, dd
----- POAN (e = 0.0 4, ng gdwyhts, wnwug wunip)
- LPOAN (e = 0.0 u, gduyhti, wnwlg wunip)

w)

Unwitipwgnyt Sygwdp, il

P16AN (e = 0.16 U, ng gduyhli, wnwg wtnip)
— ~ LP16AN (e = 0.16 W, gduwyhts, wnwg wtnyp)

p)

300

/
250 /
200

150

Mmd, yu

100} f 227"

50 }

10 15 20

Unwybpugnyt S4dwdp, g

P30AN (e = 0.32 u, ng gbwjhl, wnwg wunip)

LP30AN (e = 0.32 d, qbwjhlu, wnwiig wunip)
%)
L. 4 Sdwihu U ng gdwyhu ybpinidnyeyniuubiphg unwgywsd nidh b nbinwihnfunt-
pJwlU Yuwt wnwug jwjuwlwu wdpwup' Yuudws 0,0 o (w), 0,16 4 (p) L 0,32
(9) wpwwytunpnunyentuubiphg

Uwih (wjuwlwt wdpwtuwdnpdwdp qdwiht W ny géwjht wofuwwnwupp
uywpwagpbint  hwdwp  nhnwpydl,  Gu dhwaény,  Bplweptinnut wnwug
wpuwytunmpnunigyjwu W 0,16 J wpunwybunpnunygyniuubpny wuhbdwu dwéytiph
dnnbubp  (UY.5): <wdwdwju Jbpowynp  wwppbph  dbennnd  unwgywd
wnryntupubiph’ jwjuwlwu wdpwuny uwibiph 8ydwdpubpp gdwihtu Ybpindniyejwu
nbwpnid wnwug wpnwlbunpnunejwu b 0,16 J wpnwybuwnpnunyejwu hwdwp
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hwjwuwp U hwdwwywunwuluwuwpwp 4,98 Jdd L 3,97 Jd, huy ny qbéwihup
nbwpnut* 31,7 du L 24,6 Ju:

LY. 5 dbpowynp vwpptipny uywpwagpywsd tnwswih dnnby

Lwjuwywtu wdpwuny uwih ny qdwjhu  ybpnwdnieniuubph  nbwpnid,
hwdwdwju 0,0 4 0,16 J wpwnwybunpnunyeniuttiph, uwh dywsdpp unwgybi b
hwdwwwwnwufuwuwpwp 6,3 U 6,1 wuqwd d&d, pwu qdwiht Ybpndnieiniubiph
nbwpnwi: huswbu twl uvwhdwuwht wpwnwphtu ubindnn ndp, hwdbdwnws
wnwug wpnwybunpnunyeywu nbwph, 0,16 J wpunwytunpnunysjwu nbwpnul
udwgnd £ dnuin 25,2 % -nY: <wdbdwunbin wnwug jwjuwlwu wdpwuubph L
ybnpohuhu wnywynyeywdp uwibph Ynpnnniuwyniejniup' Yupbih £ hunwy by, np
uwih Ypnnniuwynyeyniup wuhwdbdwwn pupdpwundad £

Ywhjwd  wpnwlbunpnuneniuthg bW wpwwphtu  ubindnn  ndbiphg,
(wjtwlywu wdpwuwynpdwdp uwh wnwybjugnyu Gydwsdputipp, qdéwihu W ng
gowjhu nbwptiph hwdwp, pbpdwd Gu uywp 6 -nud:

600

400
500
400 / i 300 ‘/
= 300 =
] = 200
c (=
200 J
o 100f -/
100F /» [ .
ot/ okl
0 5 10 15 20 25 30 0 5 10 15 20 25
Unwibipwgnyt 4wdp, dd Unwibpugnyt 6yuwdp, Ul
————— PPOAN (e = 0.0 4, ng gduyht, wtnipny) - = PP16BN (e = 0.16 U, ng gdwyht, wunipny)
LPPOAN (e = 0.0 u, gdwjht, wunipny) ~— LPP16BN (e = 0.16 , gduyhts, wunipny)
w) P)

LY. 6 Nidh b wnbnuithnfunyejwu dhole juwp' uwih jwjtwywu wdpwuwynpdwdp,
qdwjhu b ng gdwyhu Ybipndnieyniuubinh nbiwypnu

Ywuwwpbind wu b bwhunpn Gupwybpuwgpnd unwgyws wpryniupubiph
hwdbdwwnwlwu Jepindnyeyniuubp’ Yupnn Bup ugb), np Yufujwd wpnwybunpn-
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unipyniuhg’ wuniph wnluwnyeyniup dedwgun k uwhdwuwiht ubndnn nidp dnin
22 - 27 % -n{J: By hhwnpyb, wuhpwdbpw k ugki, np ng gdwjhu ybpndnieniuutipny
unwgywsd uwih dyjwsdpubipp gdwjhup wpryniupubiphu dhohunwd gbpwquugnud Gu
5,9 wuquwd, husp yywynuwd £ wyu dwupu, np hwplwynp & hwodh wnuby upnyeh ny
goéwjhu wotuwwnwupp:

Ppwlwuwgyb £ gnjniejniu niubignn wpunwytunpnu ubnddws vjwu b uwih
hwugnygh thnpéh tywpwgpnyejwt, husybu uwl dbp Ynndhg Yuunwpdws
géwihu b ny gdwjhu Bnwuwlubpny hGwnwgnuinyeniutph  hwdbdwunwywu

400

300

Md, Yu

200

100

0 5 10 15 20 25
Unwybpugnyts 6ywdp, td

----- POAN (e = 0.0 U, ng gdwhts, wnwig wuntp) «=-=+= POA (e = 0.0 U, thnpd, wnwtig wunip)
P16AN (e = 0.16 U, ng gdwiht, wnwug wuniy) P16A (e = 0.16 U, thnpd, wnwiig wunip)
P30AN (e = 0.32 U, ng qduihl, wnwig wnip) P30A (e = 0.32 U, thnpd, winwug wunip)

w)
600
500+
400
=
< 300
<
200
100
0
0 5 10 15 20 25 30 35
Unwibpugnyt d4yguwép, dd
PPOAN (e = 0.0 U, ng gduwyhty, wunipny) - =---= PPOA (e = 0.0 d, thnpd, wnypny)
PP16BN (e = 0.16 U, ng qduht, wunipny) PP16B (e = 0.16 d, thnpd, wunypny)

P)
LY. 7 Upinwphtu wgnnn nidh b wnwybjwugnyu ninnuhwjwg dyqwsdph dholt uwp

Udthnihbiny,  gnynieyniu niubignn thnpdwpwpwlywu  wnduiubph L
Juwuwpdwsd ny gdwjhtu hwoqwplubiph wpryniupubiph dholt tnwppbipnyeniup sh
gbpwquwugnid 24,4 % -p, huYy gnynieniu niutignn hnpdwpwpwlwu wndyuiubph b
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pbipdwu gnpdwyhgubpn Yuwuwwpywsd ny gdwihu hwowplubph wpryniupubiph
dhole mwppbipnyejniup sh gbipwquugnd 0,61 % -p:

2nppnpn_gynifup uppdwd b jwjuwuu wdpwuwynpnwing  wuhbéwu
dwdlbph wpdwdwnbtdnpdwnhy Jhéwlyh quwhwwndwup' Yhpwnbind wywhwug-
dqwu dnnbin, pwipwidwt géh huwpwynp dubiph npnodwiup’ Yuiujwsd wpunwphu
thgtinphg L uyniubpphu Yhg wbnwdwubpnud  uvwbph  Jwpudwnbpnpdwnpy
yhbwyh quwhwwndwup pugqwdpubph wnlwjnyejwu nbiypnid:

Mwhwug-dqwt  dnnbkjh unnphu  hwugnygu hpbuhg ubpywywgund £
YpnnnitwYynyejniup vjwu gfuwdwunid: dbphtu hwugnygu hptuhg ubpyuwjwgunid
E pwjpwinn  Gwph  $hghlwlywt dwybpunye, huswbu twlb wpnudubph
Ynunwynwiubpp dwph Gpywjupny: Cowdl wwhwuqubipu hpwlywuwgynd Gu ujwu
W uwip hwugnygnd' hpdudbiny Gquiwugdwu Swpbph dubph Jpw, npnup
qupqwunud U wwup Yhg hwwnjwdubpnd, uwhdwuwhtu 6Gquwugdwu
ptnujwéphg phs pbnujwdph  waqnbgnejwtu  wwly:  Ujwt  dnin Ubin,
ninuuyntuwdl uwhlu, hpbuhg ubpywjwgunid k jwpdwu nwownm: Mwhwuqubpp
hwéwju ppwlwuwgynwd Gu wyphquwht Juwd hwdwswih  Ynuwél, uwluwju
hwlwfu uwl wwppbp wwpptiphg' pun Jwjuwywu hwndwsdph: Uju nbwpnud, tpp
wwhwugh (wjuwlwu hwwndwdpp wwppbp £, dhoht dwund ptnnup wybih jwju
E, pwt Ggpwjhu hwndwdubpnud (uy.8):

P 0 AwRy AR,

|
é |

i i Aszy/coszé ‘q
|

g |

. Tc'os&
LY. 8 Ujwu U uwih hwugnygp' hpwlwlwgyws wywhwug-Gqwu dnnbiny b
ujwuquagnyu jwjuwlwu wdpwuny

Cwdbdwwnwlwu  Ybpindnipjut - wpryniupnud - wwhwug-Gqut  dnnbiny
Jwuwpdws hwpdwplubph  wnwydbjugnyu  obnnudp - juqgdnd £ 9,8 %:
THhuowpywsd nbuwlywu dnnbp ubpluyugund £ oujwt b uwiph  hwugnygh
$hghywywu Junpp: Uyu inwuwyp gnyg wytig, np ywhwug-dquu dnnbjp wwihu
£ hunmwly wpryniup huswybiu unpdw), wjuwbu £ pwpdp wdpnysywu pbwnuubphp
hwdwp W gwdp nu pwpdp wdpwiwydnpdwu gnpdwyhgubiph  nbwpnu:
Lhnlwpwp, wwhwug-Gqwu dnnbp dinw Gnwuwlutph hbn hwdwwnbn Yupnn
Swnwjb npwbu wwpg L G2gphn dnnb)' uwih Gquwugdwu Ypnnniuwlyneiniup
guwhwwnbint hwdwp:
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Lwplwynp E wnwuduwgul  uwh huwpwdnp  pwjpwjdwu
wwppbpwlubpp, np huwpwdnp  [hup  quwhwwb]  wuhbdwu  Swdltiph
(wnjwswnbdnpdwwpy yhbwyp uwhdwuwjhtu thnynud: U wywwndwnny unyu
Gupwgiund nhunwpydl b dowlyyt; Gu Jdhwyu ubndnn nidhg, dhwjiu dnnn
dndtiunhg U npwug hwdwlygnuwihg htwpwynp pwjpwjdwu tipbip wwppbpwyutip:
Unwohtu ntiypnuw uniup nhnwpyynd £ uwh hwdwp npwbu hGuwpwu: Bogphn
dninbtignud Ywnbh £ punniub) yywtu uh wgnbgnipntup uwhdwuwihtu pinugwdph
ypw: GpYypnpn nbwpnd gqbiphotund £ énnn dndbuwnp, hul wpuwpht ubndnn
nidtipp pwjwwuhtu thnpp tiu: Gppnpn nbiwypnuwd nhwnwpyyt £ huswbu wpunwphu
utindnn nidp, wjuwbu k| dnnn dndbunh wqnbignieniup:

Llwp 9w -hg Yupbih £ ufuwnb), np 5° ubluinph wulwu nbwpnud dnnn
dndbunt punniunid £ hp uygptwlwu wpdtipp W uunad £ ujwgb dhusl 59°, nphg
htwnn  wuyniup dGdwgubind unyuhuy thnpp wpdbiputipny dnnn  dndbuwnubiph
wndtipubpp Yupnly wénud Gu: Lhwp 9p -hg Ywpbh £ ufwwnb, np thnpp
Ynupdwu gwnwynp nbwpnid dnnn dndbunt punniund £ hp uygptwywu wndtipp
U ulunud £ uugbi| dhusle npnawyh wpdtp, nphg htnnn Yninpdwu gsh pwnwyhnp
dtdwgubiiny, wénw k énnn dndbuwnh dbdnipniup:

dbpp upywd btipbip huwpwynp wnwppbpwyubphg << -nwd Junnigynn
wuhtidwu Swdlytipny 2tupbph hwdwp wdbuwwpnhwlwup Ybpohu  Gppnpn
wwppbipwlu £, pwuh np pwgh ninnwdéhg wannn nidtiphg whinp £ nhuwnlyt bwl
hnphgnuwlwu  ubudhy  wanbgneynitutpp: Uwu L uwijh  hwugnygh
jwpjwoéwntdnpdwwmnpy ypdwyh trgphn quwhwwndwu hwdwp hwplywdnp &
nhunwnpyby ny dhwju wnyw unwunwpwn ufubdwubipny wwppbpwyubpp, wy twb
nhunwnpyb wju tnwppbpwlubpp, npuntin pwjpwnip 6qdwugdwu nbwpnid Ywupnn
E niubuw) pwpn Ynpwgdwihu inbiup:
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Ul. 9 Onnn dndbuwnh nt ublwinph wuywu Yufugwdnyeynitup (w) bW uwhdwuwhu
&nnn dndtunubiph wpdtpubipp' Yuiujwd Yninpdwu gdh swnwynhg (p)

Cwbwfu wuhpwdbpnnipyniu £ jhund uwitpnd  pnnub] pugqwdpubin
hwnnpnwygdwu hwdwlwpgbp huswybu twl wunpdwuwdwunwyubp hpwyw-
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uwgubnt bywwwyny: Ujniubiph dnwn, uwibpnd pwgwépubinh wnyw)niejwu
nbwpnwd, uwjp 6Gquwugdwu wdpnyeniup  ujwgnud £ SYjwy  ophtwynid
ubpywjwgdws £ dhwaény GpYwepbnnut wuhbdwu Swéyn Ynuuwpniyghw:
THhuowpyws £ dwdyh uwinud pwgywsdpny b wnwug pwgqwdph Gnwhwpy
Gpywpeptwnnut hwuwpwlwlwu otup: Snipwpwugnip hwpyh pwpépnyeyniup 3,2
d E huy bGpYwppbwnut  uwh  hwunngemiup't 20 wd: <wyuiplubipp
hpwywuwgwsd &u ny dhwju  pwnwynwh, wy Lwb powtwdl  ujwl
hwwndwsépubiph hwdwp: Lwnwynwh hwndwdph vjwt swihtipp 50x50 ud Gu, huy
opowtwdl hwwndwoéph ujwt wpwdwaghdp 57 ud: Chuph pnhspubipp X L Y
ninnientuubipny 6 J Gu: <wdbdwwnwlwu gbpindnyegjwt hwdwp hbnwgnunybi
Gu pwgywdpny b wnwug pwgywdph uwtpny Gpynt nhwh uniubp:

dbpowynp wmwpptiph dbpnnny unwgywd wpryniupubipp gnyg tu wwihu,
np uwind 2npwthnn jwpnwiubpt wnwug pwgywdpubiph dounwlwu ptinudwdph
wgnbgnipjuwu wwl &t ghpwquugnd 0,5 UNw, uwlwju 20x50 ud swithbpny
pwgywdph nbwpnid wyn jwpnuubpp hwjwuwp Gu 1,3 UNw L 50x50 ud
pwgywdph ntiwypnid' 1,4 UNw: <wpjwplubiph hpwywuwgnuip, hwoyh wnubing
onnn dndbunh wgnbignyejniup, gnyg wygbghu, np onpwithnn  jwpnwiubiph
dtdnyeniutiipp GpYynt pwgywdpubiph nbwpnud k) gpbiet unyuu Lu:

Pwgywdpny uwitph nbwpnd vywu b uwh hwndwtu hwndwdubpnd
2mpwithnn, jwpnuwitbpp’ Ywiudws pwgywsph swihtiphg gnbipl su thnthnfuynud:
Pwgywdpubipny W wnwug pwgywdpubiph uwitiph 2nowthnn jwpnwiubipp uniubiph
Unwn dhdjwughg mwppbipynwd 5 dnn 2,8 wuqud:

GRMPULUSNREGSNRLLEN b4 UMURUMUNRE3NRLLEN

1. €& -md gnpénn ohtwpwpwlwlu unpdbph hwdwdwiu' uwih éqiwugdwu
hwoywpyh dwdwuwy nhnwpyynd £ uwu Jpw dhwyu  unpdw) nwdh
wanbigniginiup, uwwiu ubjudhy wgnbgnyejwu nbwpnwd énnn dndbunubph
wnlwynipyntup ujwgbgunid £ uwih Ypnnnibwlynyeiniut pun dqiwugdwl, husp
dbip Ynnuhg Yuwwnwpywd nwnwiuwuhpnyeniutiiph wpryntupnwd
wwpqupwuyws £ winbuwfununyejwu dby:

2. bgpwhwugyt £, np wnwug jwjuwywt wdpwuh hwpe uwbpnw, prhsputinhg
U hwplywjuneniuhg Ywfujws, hwdwdwiu wpnbpypubph 2htwpwpwywu
unpdtiph, 2nowthnn jwpnuwiubpp gipwquugnud Gu enyjwwnptiht dnin 2 -hg 3
wugqwd, hul hwdwdwju hwjwywu shtwpwpwlwu unpdbph’ win wwydwup
pwywpwpynw  E Lwjuwlwu  wdpwun  wuhGdwu  Swéyh  uwibpnud
wnwowgwd onawthnn jwpnwiutipp, hwdwdwju CIT 63.133330.2012, Eurocode 2 L
ACl 318M-14 shuwpwpwlwu unpdbph, skt gbpwquugnd  uwhdwuwihu
wndbipp, uwlwju nwppbpneniup hwdwwwwwufuwtuwpwp Yuqgdnd £ 4 %,
34 % W7 %:
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. bwlJwd uywu nhpphg L ubjudhy gnnnig' dnnn dndbunp wgnbignipniup ujwu
Yypw unyuwbu thnihnfuynid k: <Gnwgnunnyejniuubpp gnyg ndbight, np dhohu
uwl hwdwp unwwnhy b ubudhy pbnudwsdputiph dhol ubindnn nidbiph
wnwppbpnyeintup susht k, uwlwju wnwybwgnyu dnnn dndtunp 3 -pr ubjudhy
gnwinnuw 2,64 -hg dhuslh 2,8 wuqwd dbd £, pwu ng ubjudhy gnunnt nbiwpnud:
Biqiwugdwu nidp 3 -pn gnuinnt hwdwp unwgynd 19,1 % -nd wybith dbg, pwu
ny ubjudhy gnunt nbiwypni: <hnbwpwp wnwowpyynw £ <L -nwd gnpdnn
GpYwpepbnnubt Ynuunpnyghwubiph unpdbpnud hwpgh wnub) dnnn dndbuwnh
dtdniejniup:

. Cwoyh wnubinyd yywu b uwijh hwndwt hwugnygh pwjpwydwt fungtifhnygjniup
ubjudhly  wgnbgnpjuwu nbwpnd  wnwowpyynud £ ujwqbigubp wjwuwnhy
nt$npdwghwubiph qupgugdwu htwpwynpnieiniup’ dadwgubiny pnyjwwnpbh
Juwujwdpubph gnpdwlhgp ybpp updws  hwugnygh hwadunyh ntiwpnud:
Uwtu U uvwih hwwndwt nbnudwubpnd  dqdwugdwt  Ypnnniuwynyejniup
quwhwwnbint  tywwwyny ppwlywiuwgyws hwoupyubph  wpryniupnid
uinwgyby £, np ny qdwihu wpluwwnmwuph nwppbp ywjdwuubpnd (wjuwywu
wdpwuubiph dwybptuubpp wwppbpdnu Gu 1,11 -hg 1,15 wugqwd:

. Cwdbdwwnwlywu  Jbppndnyywt wpryniupnd  punnitjwé wywhwug-Gquit
dnnbiny  uwwpywd  hwpquplubiph  wnwybugnyu  gbinnwdp  thnpébiph
hwdbdwun Yuqdn t 0,8 % -hg dhush 9,8 %: <hduybiny wyu wmwppbipnyejwu
ypw' wnwowpyynd £ uwu U uwh hwugnygh Ypnnniuwynyggu  ni
(wnjwdwihtu ypdwyh quwhwndwu hwdwp Yhpwnt] twb dywyjws ywhwug-
dqwu dnnbijh tnwppbpwyp:

. Uwp  wpdwéwntbnpdwmnhy  Jpdwyp dbogppn quwhwwnbint  hwdwp
hpwlwuwgyby £ dnnbubph ny qdwjhtu ybpindnyeyniu: W Jbipinidnyejwu
wprynwupnud unwgytip £, np wpnwybuwmpnunyeniuhg Ywiujws (0,0 J -hg
dpusl 0,32 o) uwip GYJwsdpubipp, hwibdwwnwd gdwihuh wpryniupubph,
dhohunw gbpwquugnd Gu 5,9 wuquwd: Un wwwdwnny wnwownlynud k
wuhbdwu Swdlybiph Jwpywdwnbdnpdwwnphy Jpbwyp quwhwwnbint hwdwp
hwoyh wnub) ujnyeh ny géwiht wotuwwnwupp:

. Uwnw ujwup Yhg wbnwdwubpnud pwgdwdpubiph wnlwjniuginiuhg Yufuduws'
thnthnfuynd £ uwih jwpjwdwntbnpdwnhy yhbwyp: Lbnwgnunysniuutipp
gnyg wybightu, np pwgywdpny uwitph nbwpnd wywu L uwh hwndwu
hwwndwdubpnid 2nawihnn (wipnwubpp' Ywiudwsd pwgqwdph swihbiphg, gpbeb
sGU thnthntugnud: Pwgywdpubipny b wnwug pwgywdpubiph uwibph onowthnn
(wnnwiubipp yiniubiph dnin dhdjwughg wwppbipnwd 5u dnn 2,8 wuquwd:

. Uwu b uwh  hwugnygh  Jwpwéwnbdnpdwwnpy  yhbwyh  d2gphuin
guwhwwndwu hwdwp hwplwynp £ nhwnwpyt ng dhwjt wnjw unwunwpun
ufubidwubpny wwppbpwyutpp, w) twb nhwnwpyb wiu wwppbpwyubpp,
npwntin pwjpwjniip dquwugdwt nbwpnud Yupnn k niubuw) pwpn Ynpwgdwyhu
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wbup, pwuh np Ywpnn Gu thinthnfudb) puswbu vjwt hwndwsdph, wjuwbu k
wpuwphu ptnujwdph pwofudwu dubpp:

Uwnbuwununiyeyw hhduwwu npnyputpp b wpyniupubpp
hpwwnwpwlyyjwsé Gu htnlyw) wluwnmwupubpnid
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ABAKJSIH O'AHEC APMEHOBHY

OIIEHKA HECYIIEN CIOCOBHOCTH BE3BAJIOYHBIX IIEPEKPBITHIA C
YYETOM BJIMAHUS U3I'HBAIOIIET'O MOMEHTA KOJIOHH

PE3IOME

HccnenoBansl METOIBI OLCHKH HeCyIIel CIocoOHOCTH 0e30aouHBIX IepeKphITHH
Ha TPOJIABJIIMBAHUE COTJIACHO CTPOMTENBHBIM HOpMaM PA n (opMbl BOZMOXKHOH JIMHUH
pa3pymIeHUs B 3aBUCHMOCTH OT BHEITHHX CHJI. OCYIIeCTBICHBI PACYETHEIH CPaBHUTEIBHBIN
aHaJM3 MOHOJMTHOTO KeIe300eTOHHOro 0e30aJI0YHOrO TEePeKphITHS Ha IPOJIaBIMBaHHE
COTJIACHO pa3JINYHBIM CTPOUTEIHHBIM HOpMaM 0e3 M ¢ IONepevHOro apMHPOBAHUS TUTUTHI,
ncciieioBanre 0e30aJIOYHBIX ITEPEKPBHITHH B COOTBETCTBHH C pPa3pabOOTaHHOH MOJEINBIO
PacIopoK U TsDKEH, OlleHKa HaNpsHKEHHO-IeOPMHUPOBAHOTO COCTOSHHMS TUTUT 6e30a109HbIX
MEePeKPHITHH NP HAJNMYUKA  OTBEPCTHH, CPAaBHUTENBHBIA  aHAJM3  MOHOJIWTHBIX
KeJIe300e TOHHBIX 0e30aTOYHBIX 3/IaHHI C Pa3HBIMH IMPOJETAMU M ATAXHOCTSIMH C yIETOM
celicMuuecknx BosneicTBui. OLEHEHO BIMSHHME W3MEHEHHs 3HaueHHH Ko3((UIMEHTOB
JOITYCTHMBIX TOBPEXKICHUH Ha HampsDKeHHO-Ie(OopMUpOBAaHHOE COCTOsIHHE. BriOpana u
pa3paboraHa pacuyeTHas MOJENb, MO3BOIAIOIIAS TOYHO OLEHUTh  HANpPSHKCHHO-
ne(hOpMHUPOBAaHHOE COCTOSHUE IUTUTHI 0€30aI04HOr0 MEPEKPHITHA U y4ecTh HEIMHEHHOCTh
paboThl MaTepHaa.

B pesynbrate uccienoBanus cAenaH BBIBOA, UTO B COOTBETCTBHUHU C AEHCTBYIOLIUMHU
CTpOUTENBHBIMU HOpMaMHu PA mpu pacderax Ha MpoAaBIMBAaHUE IUIUTBI PACCMATPUBAETCS
BO3/ICHCTBHE HA KOJIOHHBI TOJIBKO OCEBOM CHJIbI, OMHAKO B COOTBETCTBHHU C JICHCTBYIOIIUMU
3apyOe)KHBIMH CTPOUTEIILHBIMUA HOPMAMH YYUTBIBAIOTCS BO3/ICHCTBHE KaK OCEBOM CHIIBI, TaK
U BO3JEHCTBHE M3rMOAIOIIEr0 MOMEHTA, YTO CHIDKAET HECYIIYK CIIOCOOHOCTb IUIMTHI HA
MPOJaBINBaHKE, 0OCOOCHHO B CEHCMOAKTHBHBIX 30HaX. ClenaH BbIBOJ, YTO Oe3 MOoNepeuHOi
apMaTypbl B IJIOCKUX IUIMTaX, B 3aBUCHMOCTH OT IIPOJETOB M 3TaKHOCTH, COIJIACHO C
3apyOe)KHBIMH ~ CTPOMTEJbHBIMH HOPMaMH  KacaTelbHble HAlPSHKCHUS — IIPEBBILIAIOT
JIOIyCTHMBIE 3HAUEHMs MPUMEPHO B 2-3 pa3a, OIHAKO, COTJIACHO CTPOUTENBHBIM HOpMaM
PA, sto ycnoBue ynosneTBopsieTcs. KacaTenbHple HampshKeHHs, BO3ZHHKIIHE B IUIMTax
0e30aJIOUHBIX MEPEeKPHITHA C MONepeYHBIMM apMarypamH, B COOTBETCTBHH  CO
crpoutensibiMu  HOpmMamu  CIT  63.133330.2012, Eurocode 2 u ACI 318M-14 He
MPEBBIILIAIOT TpeaebHOe 3HAYCHHEe, OMHAKO, pasHuia cocraBiseT 4 %, 34 % u 7 %
COOTBETCTBEHHO. B 3aBUCMMOCTM OT IIOJIOKEHUSI KOJOHHBI M CEHCMMUYECKOM 30HBI
BO3ZICHCTBHE M3rMOAIONIEr0 MOMEHTa Ha KOJIOHHY Takxke MeHsercs. VccnenoBanus
MOKa3aJiy, YTO JUIsl BHYTPEHHEH KOJOHHBI Pa3iIMUMs OCEBBIX CHJI MEXIY CTaTHYECKHMH H
CCHCMUYECKIMHU HArpy3KaMd HE3HAUUTEIBbHBI, OJHAKO MAaKCHMAaJbHBI H3THOAIONIHI
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MOMEHT B celicMH4ecKoil 30He 3 B 2,64-2,8 pa3a Ooinbliie, 4eM B HECCHCMHYECKOH 30HE.
Cwna mpomaBivBaHUS Uit ceficMudeckod 3okl 3 Ha 19,1 % Oombrre, dWem Jist
HECEHCMUYECKOU 30HBI.

VuuthIBasi ysS3BUMOCTb Pa3pyllCHHs y3Ja NEpPEeCeUCHHUs! IUIUTHI-KOJIOHHBI B CIIydae
CeHCMHMYECKOrO  BO3JCHCTBHS, IPEUIaraeTcs YMEHBIIUTh BEPOSTHOCTH  Pa3BHTHS
[UIaCTH4eCcKuX nedopMaiyii, yBeanduBas Ko3(GQHUIHMEHT NOMYCTHMbBIX MMOBPEKACHUH MPH
pacuere BBIILICYKa3aHHOTO y3ia. B pes3yinbTare HNPOBEICHHBIX PAaCYCTOB C LETBI OLICHKH
HECylell CIOCOOHOCTH B 30HaX IEPECCUYCHHs IUIMTHI-KOJOHHBI, IOJIYy4€HO, YTO IpU
PAa3IMYHBIX HEJIMHEHHBIX YCIOBHSAX pabOThI IUIONIA M ITOMEPEYHBIX apMATyp pa3JInyaroTcs B
1,11-1,15 pa3za.

KacatenbHple HANpsHKCHHS B 30HaX MEPECEUCHHMS IUTUT-KOJIOHH, TPH IUIMTaX ¢
OTBEPCTHSMH, B 3aBUCHMOCTH OT Pa3MepOB OTBEPCTHS TTOYTH HE MEHSIOTCS. BOIHM3U KOJIOHH
KacaTeJIbHbIe HAPSDKSHUS TUTAT ¢ ¥ 0€3 OTBEPCTHIl OTIMYAIOTCS IPYT OT Apyra B 2,8 pasa.

B pesynbrare CpaBHHTEIBHOTO aHAJN3a, BBIMOJHEHHBIX DPACYETOB MO MPHUHSATON
MOJICIM PAacloOpKd M TATH, MAaKCHMAalbHOE OTKJIOHEHHE IO CPaBHEHHIO C OIBITAMH
cocrasiset 0,8-9,8 %. OcHoBbIBasich Ha 3TOW pa3HHUIIE, NPeUIAraeTCs I OLEHKU Hecyleil
CMOCOOHOCTH  y37a IUTUTBI M KOJIOHHBI, @ TaKKe HaIpshKEHHO-Ie(hOpMUPOBAHHOIO
COCTOSIHUSI, IPUMEHSTh TaK)Ke pa3pabOTaHHbIN BAPHAHT MOJIEIIH PACIIOPKH ¥ TSITH.

JI1st TOYHOM OLIEHKM HanpsDKEHHO-Ie()OPMHUPOBAHHOI'O COCTOSHMS IUIUTHI BBINOJIHEH
HEJIMHEHHBIN aHamu3 Mozienield. B pesybrare 3TuX aHaIn30B MONTYYEHO, YTO B 3aBUCHUMOCTH
or oakcuentpucurera (0,0-0,32 4) mnporn® TIUIMTEI 1O CPAaBHEHUIO C JIMHEHHBIMU
pe3ynbTaTaMH B CpeIHEM NPEBBIAIOT 5,9 pa3. Pa3HuIa Mex 1y CylIecTBYIOIUMH JaHHBIMU
UCHBITAaHWI M HEIMHEHHBIMH pacdeTaMH ¢ Ko3((GUIMEHTaMH, KOTOpbIe IPOBOAATCS B
pabote, He npesbimaer 0,61 %. CnenoBarenpHO, NpeIaracTcs A OLEHKU HarpsHKEHHO-
neopMHUPOBaHHOTO COCTOSIHUSI 6€30aI0UHbBIX IePEKPBITHI YUUTHIBATh HEJIMHEWHYIO paboTy
Marepuaa.

Jl1s OLEHKH HaNpsHKeHHO-Ie(OPMHUPOBAHHOIO COCTOSHMS Y3714 IUIMTA-KOJIOHHA
HEOOXOIMMO YYUTBIBATh HE TOJIBKO CYIIECTBYIOIIME CTaHAAPTHBIC BAPHAHTHI CXEMBbI, HO U
BapUaHThl, B KOTOPBIX  pa3pylICHHWE IIPU MPOAABIMBAHHE MOXKET MMETh CIOXHYIO
KPUBOJIMHEHHYIO (GUIypy, HOCKOJBKY MOTYT HW3MEHATBCS KaK MONEPEYHbIC CEUCHHs
KOJIOHHBI, TAK W (JOpMA pacrpeeleHns BHENIHHX HArpy3ok. B ciyuae yrma cexrtopa 5°
n3rubaoii MOMEHT NIPUHUMAET CBOE HA4YalbHOE 3HAYEHHME M HAUYMHAET YMEHbIIATHCS 10
59° mocie Yero 3HaueHHe M3rHOAIOIIEr0 MOMEHTA PE3KO YBEIHUUBACTCS C HEGOIBILMM
yBEIMYEHHEM yria. B ciaydae Mamoro pajauyca paspymieHHs W3THOAIOIMA MOMEHT
MPUHMMAET CBOE HAa4allbHOE 3HAYCHUE M HAYMHACT yMEHBIIAThCS J0 KaKOro-TO 3HAYEHHMS,
TI0CJIe Yero NPH YBEINUCHUH PaJiiyca pa3pylIeHNs yBEIMYMBACTCS 3HAYCHHE N3rH0aloIero

MOMCHTA.
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AVAGYAN HOVHANNES ARMEN

ESTIMATION OF BEARING CAPACITY OF FLAT PLATES TAKING INTO
ACCOUNT THE INFLUENCE OF BENDING MOMENT OF COLUMNS

SUMMARY

According to RA building codes the bearing capacity estimation methods under
punching and shapes of possible collapse line depend on exterior forces are explored. The
comparison analyses of punching resistance of cast-in-place flat plate according varies
building codes with and without shear reinforcement of slab, research of flat plate in
accordance with designed strut and tie model, estimation of flat plate slabs with openings,
the comparison analysis of cast-in-place flat plate buildings with different spans and stories
taking into account seismic actions are carried out. The effect of change values of allowable
damage factors on stress-strain state is estimated. The design model, which allow to estimate
accurate the stress-strain state of slab and take into account the nonlinearity work of material
is chosen and developed.

In the result of research is concluded, that in accordance with RA building codes
during calculations on punching resistance of slab only axial force on columns is
implemented, however in accordance with abroad building standards not only axial force,
but also bending moments on columns are presented, which reduce the bearing capacity of
slab under punching especially in active seismic regions. It was concluded, that without
shear reinforcement in flat slabs depend on spans and stories according to abroad building
standards the shear stresses are exceed allowable value approximately 2-3 times, however
according to RA building codes that condition is satisfied. In flat plates with shear
reinforcement the shear stresses in accordance with SP 63.133330.2012, Eurocode 2 and
ACI 318M-14 building codes are not exceed ultimate value, but the difference are 4 %, 34 %
and 7 % respectively. Depends on column position and seismic zone the influence of
bending moment on column also is changed. The researches were shown that for interior
column the differences of axial forces between static and seismic loads are negligible,
however the maximum bending moment in seismic zone 3 are 2.64-2.8 times more than in
not seismic zone. The punching force for seismic zone 3 is 19.1 % more than for not seismic
zone.

Taking into account the vulnerability of slab-column intersection node collapse
during seismic action is suggested to reduce possibility of plastic deformations increasing
the allowable damage factor for node calculation which is mentioned above. The
implemented calculation results shown, that in zones of slab-column intersection for

23



estimation of punching resistance in different nonlinear work conditions the area of shear
reinforcement is different and fluctuate 1.11-1.15 times.

In slab-column intersection zones with opening of slabs the shear stresses depend on
sizes of openings almost not changed. The shear stresses near columns with and without
openings of slabs are different to each other 2.8 times.

The results of comparison analyses implemented by accepted strut and tie model
shown, that the maximum deviation compare with tests are 0.8-9.8 %. Based on this
difference suggested for estimating the bearing capacity and the stress-strain state of slab-
column joint use also the designed option of strut and tie model.

For accurate estimation of stress-strain state of slab nonlinear analyses of models are
carried out. In result of that analyses obtained that depends on eccentrecity (0.0-0.32 m) the
deflections of slab compare with linear results in average exceed 5.9 times. The difference
between existing tests datum and the nonlinear calculations with coefficients, that are carried
out in work is not exceed 0.61 %. Consequently, for estimation of stress-strain state of slab,
to take into account the nonlinearity work of material is suggested.

For estimation the stress-strain state of slab-column joint it is necessary to take into
account not only the existing standard options of the scheme, but also options where the
failure under punching shear can has a complex curvilinear figure, inasmuch both the cross-
sections of column and the form of distribution of exterior loads can change. In case of 5°
angle of sector the bending moment takes its initial value and begins to decrease until 59°,
after which the value of the bending moment abrupt increases with a little growing of angle.
In case of a small failure radius the bending moment takes its initial value and begins to
decrease to some value, after which the value of the bending moment increases with growing
the radius of failure.
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