PRIEDAI
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A Priedas. Skaiciavimai pagal 1 metoda
A.1 priedas. Skaiciavimai pagal 1 metoda (Breccolotti et al., 2015)

{Breccolotti et al., 2015). Betono natiiraliy uZpildy pakeitimo perdirbtais kiekis - 0%

Itempiu formuiés gautos & endenciu Bnijy:

Uc_c]rEE_E]_!' = I: —326908 - E:_{]__ + 24373 - Ececl — 0.7269 III'JP‘E i1}

2)

gealecp) = —6380353 . g 0 + 10104 - £, 2 + 85 MMP:
Deformaciu rekimés:
Ee =0 €= 0.00281518817204301 £ = 0.00407086999027482

o-€ palyginimy grafikas
Perdirbto betono uzpildy kiekis 0 %

70
60
= 50
s
= 40
o]
230
£
£ 20
10
0
0 0,001 0,002 0,003 0,004 0,005
Deformacijos € [-]
e (Breccolotti et al., 2015)
————— Grafikas pagal (1) ir (2) formules
A.1. 1 pav. o — € grafiky palyginimas
A.1. 1 lentelé. Deformacijy palyginimas
Deformacijy palyginimas
i Kyanio grafiks relkémes Absoliufio) |
i b Driginalus grafikas | Tendenciosiinija |  paklaida
0% 0.00108 0.00107 0.00001
B 0.00159 0.00163 0.00004
B 0.00208 0.00220 0.00012
och Besileldiiantio grafiko relkémés Absaliugiofi
Ivess Driginalus grafikas | Tendencijosiinija | paklalds
0% 0.00397 0.00398 0,00001
B0, 0.003665 0.00350 0.00007
« B 0.00331 0.00320 0.00011
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Siatinis momentas:

] &

=
o= Il el |} Eoerdeea + l lTeeiEeenl) - Eepadeeen
" Eeile "]
Figliros plotas:
~Ec] e
A= | oeeriEeen 1B + |Fecal EccalhdEe e
“Eelic “Erl
Svono centras: Gautos reksmes:
_ S S =3.349x 107 MPa
oo T )
Ao
A c=0147.-MPa
E -
et Voo = 0.002423
Cm
k.= 0405
L aikomosios galies apskaiciavimas:
*  |empis esanéio iempiu deformaciy araflke svono cenire apskaifavimas
aeelvec) = | —326908- yoo~ + 24375 - v — 0.7269 /NP2 Tecllvee) = 5641 MPa

+  Shos geomelnios ir ammavimo parameirai;

Sia amuciama 4x416 apatioe
b= 0.25m L= E35m dy = 0.055m
I =6m £ = 500MPa
Em= 112 £ = 560 - MPa
Ag=SMx 10w
E, = 200GPs
Opghy = 4

+  Betono vidutinis gnivZdonasis stipris:
frm = 61 9130IPa

+  Tampremo moduls:
5 kyiantios Endencios injos iSsineiSkiu deformacis tes 0 465,

|. 04. E i. ==316908 . f,:i_]_ + 24373 Ee11 - 07269 E-IJ].‘.‘E.E,CI_]_ —

((C.00106092535045053593451
(0.07330133681301 1281463

£c = B.0010600253 304809393451

(04 - £
Egn=——=23343. GPa
S¢
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+  MNeufrsfiosios asies padéfes apskaidiavimas

ol Gautos reikimeés:
: £ [ i = 0911
d=h- ':';‘E
fd) =0445m

o -fom-b [zl =0032m

thzgc.zm.h.x Iftl=4jﬂ.:4-kh-
Foy = fim- 4 {Foyl =430.24 - kN

Lailkomoji gakia:
Mp=og fp-b-x:ld-—lk-x)
Lenkimo mo L

! B — . i W -
Mo g b rn - B (M )=5819. 10 -m

M:T:= fm-dg-4d M, =200357 - kN - m
Patikrinimas:
M —M,=-18538-kN-m

Mp=194538 - kN -m
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+  PeBsjimo momentas

: fm
=212 14| ——— ||=4182
s L Lio-Mps ﬂ :

fom = £y - 1MPa = 4182 . 1iPa
T B
fom = man | 1.6~ ———— |- fy, Frg| = 6:69 - MP3
1000 - m /

Skerspjlvio svono ceniras

g e Y Y
Y= = =u.3m

MesupkeiEejusio skerspilvio atsparumo momenias

II 7 3
We=—=1042% 10 - mm"

Ti

Mg = fampg - W=69.686 EN. m

Maam = fm- W=43.568 . kM. m

* [LINKIO SKAICLAVIMAS
MNesupleidéjusios sijos finkis:
MMen

20

:-.[.:] = 0kN-m dl‘-i:[ = :'LII = }-fu.l‘-.{[:. + d}tf'._'.. :"Icl'_"l

Krenis:

k= 2 koncentruota apkrova apkrautai siai

43
3
Py = ———
Em- It
vk

Myl = k- pri by - L
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SupleiSdjusios sifos Hinkis

Skerspiivio redukavimas {amatires pakeifimas betonu)

oy = JE SRR Agy =0y Ay =6589 % 107 mm”

ECE]
SuplsiEsjusio skerspilivio neutralicsios asies padsts (i jSou pusiausvyres Fe=Fa)
1 2 b (4 | A [ 0134SOOSTISIS0NN | |n:-.131 ..|
— gy — =] — = iR - —— = | e
3 R e Lol \-018655913525739500386 ) | ~0.187 |
= 0131l-m

Suplsigéjusio skerspiiivio Mercios nomentas apie neutraka asj

b xn; [ =g 3 3 -
= — “hoag | — | +los-Agl(d—mgl = 5.665x 107 T’
Supleidsjusio sherspilivio kreivie:
Wy — Mo
My=Mg=194 538 - kN -m ﬂiﬂ.=?T=ﬁ.l43-kN-m Mpg= Mg Mog+ dhg. My
¥ 0 3
Mpg
Mg =
rm T
Keoeficientas veriinants apkrovime ukme: Pasishi koefcientas:
A:=1 tumpalake apkrova Miq)
M) =1-8- | —— |
\ Oy |

Viduiinis krenvis
M
pri Myl = — &
Em-I
aﬁl‘.[n’_l = p]:i}'-l]:[:' L'tﬂ”‘l-[]:[l = o :"-[]Il

l'_'l]}-I]I:l = QE{:I:[E - u]IZI'.IILI +11 - ﬂlﬂ I‘.IH_!II - L'tf:‘-l_:["

wrd M) = %- e M) - L
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PALYGINIMAS S0 EC2 NETIESINE PRIKLAUSOMYEBE:

Deformacios: | (ipe Yo :
_ € =07 T - ) ) €eul — £l
{Eqge = 0.000) \ \ MPa | Bl | Egyy = 00035 digy = —————
MPa, dEce = — 10
14
Ec!= Edir, Edir + dEcic- Edl | €y = 1,81 + dEm-- Eml |
Tamprumeo medulis:
¢ £\
Egmery =22+ GPa= 38015 - GPa
- L 10MPa '|
e e
Ec1
k=105 Egem — = 1631
E eV | [ el
k- R P 1. Em g |
" el £a) | -k.E_i_C_l
T 1+(k < Tl Equl = £ | C :C_
+ (k= :] P o
e | | T+{k=2)y-—
a4 L Eel
o-£ palyginimy grafikas
Perdirbto betono uzpildy kiekis 0 %
70
]
60
— 50
o
2 40
o
‘©
‘a 30
=
[J]
=20
10
0
0 0,001 0,002 0,003 0,004 0,005

Deformacijos € [-]

== (Breccolotti et al., 2015)

————— Grafikas pagal (1) ir (2) formules

Grafikas pagal EC2

A.1. 2 pav. o — € grafiko palyginimas su EC2
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£ e | &g e
 RESAR | o i SRl
= Gel | Eed Ecl £e |
S.c= fm | —————————— | - dEc + frm- | EmdEm
Ec - Coy
P+ -10)-— | FrE-2
£l L £el
0 &0
- =4
(Spel=3204= 10 " -MPa
£c1 = r ~Eeal 3
| e [ B} B (Em V|
S g oS s
2 €1 \Eg ) T s
:L':c = Icm_-.i d'l:f_ fl:ﬂ:l' \.I:m
[1+(-2)- 1+ (k-2) .
1 EE! ':E]._:
g “Eg]
(A} = 0153 MPa
Figiiros svorno centras:
| 3= {3l = 000208674
A "l!‘c.l:
Eml — ¥
=
Eapl
3. % _{ % i
| &a \Eeg
Ted el = | - {oeydvel| = 5941 . MPa
| T+k—=2)-
L Ecl
| Ty 72!
log=—"—""=10586
| Im
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Meutraliosios afies padéties apskaitimvimas

Gautos rekimés:
d=h-dj
) 0.0035 (dy=0.445m
Elim = =
0003s + — (jan) = 0556
EKE =d- Elm"
[zl =0.247Tm
f}m'-:"-sl
o - fm- b
(£ =003m
Jeguy pusiausvyra:
Foo= g b o (Fol =45024- 1N
M |Farl =43024 . kN
F[—F;F=|}-.k}q [Fgpl =230 25 kI
Laikomoji gakia

S I, I i ke Ty
Mppoa=og fou-b-x-|d-k = Mppr=194885 kN - m

Momentu pusiausvyra
M=o -f-b-x-k-x

1M }=3472-kN-m
Iuls_,.:= r;,m-_-isl-d

IME_,|=2EIG.3-5? k¥ - m
Pasitiknnimas:

Mc-Mg=-194885-kN-m

Mppra= 194885 m - kN

Ekspermento r EC2 laikomosios galios pabyginimas
Mp=104538-kN -m

Mppr=I1%4885 - kN -m
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ILINKIO SKAICIAVIMAS
Nesuplaigéiusios sijos finkis:

3

MMaa
My=ORN-m  dMi;=—

Migm = Mp Mg+ ddvieen - Moaa
Kreivis:

k= i koncentuota apkrova apkrautai siai

43
Migm
Emmeca-In
nkis:

wipci Mgl = k- precolMrecal - L

Supleisdjusios sijos jinkis
Skerspiiivio redukiavinas (armatiinos pakedimas betonu)

£1

o, = =561 A=y Ag =423 % 107 - o’

Emecs

1 b (8 L Ag [—D.14079313622459998255 I —0.141 |
—(mmf -— = — —am1 |-0-— = =
B T (€ P R R ol L o10sesd0sesar3esdents || 007 )
o= 0107 - m

SuplkeEiiusio skerspilvio Nercios momentas apie neutrais asi

g ) _
e = — thoam | = | +los- Aa)-(d-xg) =585

¥
i
o
E

SupleEsiusio skerspilvio kreivis:

< o }\[}r e }inﬂ
I"I\'_’:T"] = 3‘.[1::_5:1: 194885 kN -m dl‘-[nm.'= "—l:l =6M3-kKN-m
}.[H_E__r': = :I‘Il:l'ﬂ' :"Il:lﬂ + ‘:g“IﬂE{"I“ '.L‘I'}.E.CE
Mypec
preciMppm) = ——————
EqEcy - IHEC2
Fosficientas werinants apkrovimo fnukme: Passkirstymo koeficenias:

B=1 trumpalaike apkrova

L:ILECEII"!HEEQI =1= ﬁ'|
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Vidufinis kreivis

Mpem
pPLECHMIpl = ———
Emera-§
ayecl Mpeca) = prec!Moec! apec Muec) = precd Mpec!

opcy Mrec) = (recyMpem) - emped Mueca) + (1 — Coecyi Mo eca) ) - oxecyl Moes)

ks

wrecdMpem | = k- epm Mopoa) T_:

PALYGIMNIMAS SUACEI18M11

Ribing gniufdomoi betono deformacia;

Egy = 0.003
Stafnie momentas:
E,;_j "El:l.l.
Sec= loeaigeall B dEeg + Il Se |- EgpadE
“Erlic “Erl
Ecl =Eqr
A= { Hocalecalll dege + loceaiEcen) | dEecd
“Edlc &
SwWono centras: Gautos relksmés:
e 5,.=2083% 10 1. P2
Ve = — !
“igr ~
A =0105 MPa
£ ¥
ko= — 2 Yoo =0.002
Ecu

ke =0333
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Laikomosios galios apskaiciavimas:

*  ltempiu esanéiy kempl deformaciy grafiko svorio centre apskatiavimas
opelvec) = | -326908 -y~ + 24375 -3~ 0.7269 MPs

Pledimo modulis (tempiamasis betono sfiprs)

f,:

fm=061913 - hiPa

b W

1 normaboio svono betonas

-MPa =4.878- hPa

a

for= 062 .-
g 15

Tamprumo moduls:

Eomarr = 4700 || -WPa =36982. GP=

J MPa

*  Neulraliosios agies padétes apskaiiiavinas

_ Ot Vee)
h frm
d= —d]_
) fj‘.III' Aq
=
ot -fm: b

92

Teenlvee) =

Gautos reikimés:
fog) = 0.754



* Jegy pusiausvyra
Fom oy £ box (Fo) =450.24-kN
Ey =l A (Fop) = 45024 - kN

Fo—Foy = 0-kN

+ | akomoj gaka;
Mpag=op- fgu-b-x {d -k x)
* | enkimo momenty pusiauswra

Me=op - fm-b-x k-x (M) = 5787 W m

My =fm-4Ay-4d (Mo b= 200357 KN -
MMy =-1857-kN-m

Mparg=19457 - -m

Pabyginimas:

Mp=194.538 - KN -m

Mppr = 194885 - kN - m

Mpa=194357 B m

Inercios momentas:

L= F= 2604 % E0 -« em

FeEéimo momentas

-
Moag= e 50817 -EN-m

b s

ki pleigéimo velkiantis lenkimo momentas:

Maao
20

Mg=0EN .- m dbip gy =

Myacy=Mp My + dMyas. Mo am

Muo pleBsjino & amatiinos ekéimo velliantis lenkinmo momentas:

_ My=Meag

-

M= Mg arp= 19457 - BN - m dMy acy =7188- kN -m

}-I]]_al.::= }'IUAE:I'T"IEM iz {]:'-II[M 3\-!}-
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Skerapjivio redukavimas {amatinos pakeiinas betonu)

E.

ooy = ——— = 5408 Aago= - Ay = 4348 % 10° - mm’
Ermact
SupkBiiusio skerspilivio neutraliosios adies padéts (i Bl Fe=F=
1 2 b d \ Aq [ —0.14301733810894856562 I|
— .| poE IR 4 e STUAT = - —% |
3 VY T T w7 piosn3amionsoesoseoTs )

Im

ari= 0 108232T1923005966974 - m

Supleiféjusio skerspilvio inercios momentas apie neutraks asi

2 "

h'!ﬂ:‘ '-"a]:['_ a4 o
Ly —— +boxp | — | +loyAq) - (d-g” =588 10 By

Efekiyvusis nercios momentas:

Maac ) (Maacr |
Ie'”m::ﬂ'1=| | Tg 1] =1 |.
I‘ulﬂm ! | f'-im I
linkis iki pleiSédmo
k= b konceniruots apkrova apkrautsi s§a
45
Mragc
Poanidiian) = o ——
m AT 1z

wpaciMpacyl = k- praci Mpacy .]'_:

[inki= nuo pleiséjimo pradiios ki armatnos tekéimo:

Mpar
Eemact - T My act)

pract Mg act)

vractMuoacl = k- praciMoaal-17
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE

250

200
€
=
-~
2

E 150
w
=
o
>

o 100
2
4

: 7

]

50

0

0 5 10 15 20 25 30
JLINKIS, mm
=0 % perdirbty uzpildy =——EC2 ACI-318

A.1. 3 pav. Lenkimo momento — jlinkio priklausomybé pagal tyrima, EC2 ir ACI
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{Breccolotti et al., 201 5). Betono natiraliy w@pildy pakeitimo perdirbtais kiekis - 50%

Hempiu formulés qautos B tendenciy inil;

cecilece) =1 —972274 e g™ + 22857 . g — 0.6925 IMPa e
o | - _ i :‘n

sealerpl =1 -8303636 . c o + 36021 .g 0 + 1618 ] - WPa

Deformaciiy rekimeés:

Ege=0  €qo= 0002815188 g = 0004347939

o-£ palyginimy grafikas
Perdirbto betono uzpildy kiekis 50 %

60
50
40
30

20

Jtempiai o [MPa]

0 0,001 0,002 0,003 0,004 0,005

Deformacijos € [-]

e (Breccolotti et al., 2015)

----- Grafikas pagal (3) ir (4) formules

A.1. 4 pav. ¢ — ¢ grafiky palyginimas

A.1. 2 lentelé. Deformacijy palyginimas

Diefonmaciy palyginimas
e et Originals grafbas | Tendencijos linfa | poldaida
Ak 0.00058 0.00142 L DO
[oh 0.O0158 0.00157 . O000
B 0.00201 0.00235 0000312
Beslleadtiantio graliko reikimes Analiugiofi
A 000425 0.00428 000003
50k 0.00353 0.00323 0. 00000
Brk 0.00357 0.00349 0. 00008

96



loealEeall - ey deeg +
Ecllg

lopetfep ! Eeendee

r&cl Em
App= | loealeallidee g + [ el Seaall dEe e
" Sl el
Svoro centras: Gautos rekimes:
_ S S, =3813% 10 . MPs
Yoo = '
Ae . _
A =0147- MPa
Em ™ Yo
ki ————

Erm

e = 0.002601

k=048

Latkomosios galios apskaiciavimas:

llempiy esaniu itempiu deformaciiu arafiko svorio centre apskaitiavimas
Tecilvee) =1 972070 v, B4 22857 . v, — 0:6925 |aps

Sios geometnijos ir ammavimo paramefrai:

Tl veel=3532.174 - MPa

Sia amuojama 4x 16 apatioe
= 0.035
b= 025m h=05m dy == 0.055m
L= fm fa = S00MIPa

fm = 112 f5 = 360 - MPa

Ag=804x10 ‘o

m
E, = 200GPs
Dby = 4
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Betono vidutinis gnivdomasis stiprs:

frm = 340390 0Fa

Tamprumo moduls:
I3 kylancics 2ndencios inios iSsireikiu deformacis tes 0,48,

04-

1MPa.
£ = 0.0010202641589249986022

104 £,
Egg=—— =71186- GPa
El:

MNeutraliosios asies padéfies apskaiiavimas

Teell ¥ee

_ Gmo g
e fm b
JEQY pusEUSYyYTR
Fo=o-fp-b-x
Fs_v:=£_l.'m A

Fo—Foy=0-kN

Laikoroii galia:

Mg =g fgm-box- |d—k-xl

Lenkimo momenty Dusiausvyrs

We=op-fp-b-x-k-x

Moy = fygy+ Ay - d

Patkrinimas:
M, —M,=-153702.kN . m

Mp=193.702-kN -m

98

| =1-972274. gy " + 22857 - £ — 0.6925 ] solve.£qy —

(001020264 1589240086020
\ D022488540972138878453 )

Gautos reikimés:
fou | = 0963

(d)=0445m

(=) =0035m

[Fi=45024 kN
|Fel = 43024 - BN

M) = 6655 KN - m

(M) =200357 - EN-m



+  PleEdimo momentas

o g o
Ty =212 - JJ:n.’_l - | RS ﬂ = 3937

= fams - 1MPa=3937. MPa

h i
= =6.297- MP.
1090 - m |~ fm fcun:l 4

foma = mz{l L6=

b.b
I= 5 =26042 % 107 - cm
Skerspjivio svono centras
Fi :=:=D.35m

MNesupleiSéjusio skerspilvio alsparumo momentas

I = 3
We=—=1042%10 -mm
¥

Pieiiéimo momentas
Mgg=fma- W=6559- N -m

Meom = foam- W=41007 - kN.m

ILINKIO SKAICLAVIMAS
Mes iSdiusi jjos finkis:
Maf
}Afﬂ =0kN-m dl‘-[I = "_I:I I‘.IIZ= hf.ﬂ_l'.[,:,— 'f"[I":"Icr_ﬂ.
k= 2 koncentruota apkrova apkrautai sgai
43
My
piRdgl =
ik

w Myl = k- pyf M) L
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Suplaigéiusios sijos finkis

Sherspiivio redukavimas (amatires pakeiimas betonu)

Ag =0 A =T759% 10" - nm™

1 b {d Aql
—-bmmf =~ —=m)|-os

2 lm L1 lml
xp=0137-m

0.13679763502181822193

| 4.19751625153641—116399_-

Supleiséjusio skerspiivio inercios momentas apie neulrals as

by x'ﬂq
I]I=T-b-k'ﬂ-[7

dhig =

po Mo =

El:m' h
Koeficentas verinaniis apkrovimo frukme:
B=1

frumpalake apkrova

Widufinis kreivis

M

i Mgl =

am - 41

L'I.I: :I"IEI = FT }-.{HII 'L'b_‘:ﬂ T'.I]:[l = F':[' }'\.I]:[l

al Myl == (il - ap My] + (1 — g by - gt Bigh

100

# (og- Aa) (@ — g = 9343 107

=6406-E-m

4
m

M= Mg, Mag + dMp.. My

wl M) =k of Mg - L7



PALYGINIMAS SU EC2 NETIESINE PRIKLAUSOMYEE:

Deformacios: [ y 031
c -=n7.| e | w0’ £l Ecul — Ecl
{Egge = 0.000) e~ 7 P depp = — (Ean = 0.0035) dgg=——m—
10 10
E¢i= Ecic. S ~ dEcc- £43 |E£qy = Ecl.Eq] ~ dEqg--Eat |
Tamprumo modulis:
(g 03
Empo=2-| -GPa=36495. GPa
- | 10MPa '|
Hempiu-deformacijy kreives:
k= 1.05-Esync i
] 3 - f—
fm
:_= r %
E.i_i ;'k Em_[E:uE_
SR o £ | SeauecalEal = fom | —————
4k — :‘l | | [aid
I_"',._]__1 {1—{k—2r-t—d
o-¢ palyginimy grafikas
Perdirbto betono uzpildy kiekis 50 %
60
50
T 40
=3
230
kS
£
o 20
10
0

0 0,001 0,002 0,003 0,004 0,005

Deformacijos € [-]

== (Breccolotti et al., 2015)

----- Grafikas pagal (3) ir (4) formules

Grafikas pagal EC2

A.1. 5 pav. ¢ — ¢ grafiko palyginimas su EC2
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Statinks momentas:
~Ecl rEml -

A R 2
£a1 L Eer - | £a Ca
5.c= i £ode.+ Im- | CEgdig
Eg | Co
I+ E=3)-— |1 +(k=2)-—
Eq L Ec1
0 = |
" —4
[Spcl=28= 10 -MPa
1 . = Sl A |
L s i B E_m}
" |  &a \Eal - Eel |
ey s fm deg+ i € degy
[1+@-2.=% 1.—&—:)-—'11
| Cel Ce1
=0 “Erl
A ¢} =0136-MPa
Figiiros svofio cenfras:
f 5
o= vl = 0.00206561
e
Eqml — ¥e
k=
Sl
[termpeai figliros svono cenfre:
4 r 1 T4
i 1 7 e
k- i _: 2l
Ecl | Egl |
= —_—
Toyd ¥eh = fm i (e yed ¥} =52.562 - MPa
ita=2) .=
L Eel
[ Gevd ¥l |
PO R,
fm
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Meufraliosios adies padéties apskaiiavimas

d=h-d

0.0033

i = F

0.0035 + ==
E

5

I = d - Efm!

f_\m'-"bil
O fp - b

x=

J& AU

Gautos refsmes:

{(dy=0443m

(£ = 0.556

I=gl = 0.247m

(= =0034m

Fo=op £ b-x (Fl=450.24 - kN

Fopi=fm- A

E,;—Fg.f=l}-k4‘~1

Latkormojigalia:

Mpera =t -fm-b-=-|d—Tg-=
Moment pusisusvyra

M=o -fg-b-x-k-x

My = Fgi- Ay -

Pasitikrinimas.
M- Mg=—1%034-kN-m
Mppr = 194034 m- EN

Ekspermenio r EC2 laikomoskos galios pakainimas

Mg = 193707 . KN -m
Mp gy =194.034 . kN -m
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iEgrl =450.24 - EN

Mppe = 194034 KN - m

| B} =6322-EN-m

[Mg) =200.357 - kN -m



LIMKIO SKAICIAIMAS
Nesupioigéjusios sijos jinkis:
.

Mera
Mp=0RN-m  dMip = —

Mipm = Mg, Mp+ &g - Maa

Kreivis:
k= 4—43 koncentuota apkrova apkrautal skai
Mipo
Precal Mrpmli=———
Emecy- It

inkis:
wigcal Migcal =k precal Myl - I_:

Supleiféiusios sijos finkis

Skerspiivio redukavimas (amatiinos pakeiimas betonu)
E

.l

=548 Agg =0 Ag=4406% 10" mm

i Emeca

iivio neutraliosios adies

1 I]: b { d \ Ay 0144 10041973102302760 | |—E.1-5-|- |
-y R g T T —_— — =T :_ —_— =
i e L 2 | 010s85187759598643356 | | 0.109
= 0109 -m
SupleEsiusio skerspilivio nerciios momentss apie neutralia a5
: 2
_boxpg x| : 3 e
e =——*bom | = | +log-Ag)- (d gl =6053x 107w
SupkeBajusio skerspilivio kreivis:
B My
Mypm=MpEc2=174034 -kN-m dMpOpEm = '-—D =6406- k- m
Mpoecy = Mea, Mea + dhpecy. MyE
MiEm
preciMpEml = ———————
Exrz Ime;
Fosficientas weriinantis apknovimo fukme: Passkirstymo koeficentas:
A=1 trumpalake apkrova Maa )

trpcal Mg peal =1 —a.|
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Mpec




idutinis kretvis

Mpgc
prE- }I-I]IH'_“!I ==
Empr-h
ugeca| Mrecal = precol Moec) omecat Moeca) = poecd Muecs)

opc Mpeea) = (necsi Moee! - enpcd Maoeca) 11 - Cpeca Mo ecaf) - crpcal Moec )
linkis:

“-]LE.C]I :"IH.EQI = ﬂml :\IH_ECII B

PALYGINIMAS SUACEI{E8M11

Ribng gniufdomod betono deformacia:

Eqg = 0003
Stafinis momentas:
~Ecl rEcu
Sec= loeerlEeet)) - Eeerdeea + (el Ceenl - Copndieen
“Erlbc “Erl
Figlros plotas:
rEcl ~Ecu
Ape = oceil€ea)lbde g + lTeenitea)l dEgen
“Efir "€
Sworio centras: Gauips reikEmes:
See S =1841x 107 MPa
¥ep—
i 2
A =0033.2MPs
Egn — Yoo
ko= ——— e =0.001958
Een

k =0.337
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Laikomosios galios apshaiciavimas:

Itempil esant iy temol deformaciy grafko svono centre apskaidisvimas

-

oecilvec) = { 972274 v~ + 22857 - 5 — 0.6925 MPs

Pieiéimo moduls (tempiamasis betono stiprs)

f=f,=75403% - MFa
=1 normahkoin svono betonas

[,

fo=062-N- I‘[F' -MPa =4.358 - MPa
§ MPz

Tamprumo moduls:

E = 4700 -
o ACT ¥ MPa

MNeurabesios asies padétes apskaitiavings

s )

o

d:= —d.]_
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oo cpl v ) = 40,887 - MPa

(di=044m

(x=0.044m



Fo=op-fpeb-x [Fo) =45024-kM
Ep=fn-4g | Fopl =450.24 . 12
.f[_].:;!.l =‘|l\.-| 0 J'S_‘q

. aikomoj gaka:

Mpag=oc-fp-b-x-ld=k-x!
+ | enkimo mo =i

Me it en (M) = 6.691- KN -m

My = fiy- Ag -4 (Mgy) =200.357 - N -m
Patikrinimas:

My — Mgy =—193.666 -k . m

Mpag=193666 -k -m

Pabyginimas:

Mp=193702 -kN - m

Mpepm=194034 -kN-m

Mp arg=193660 - kEN-m

Inercios momentas:

ki pheigaimo velkiantis Enkimo momentas:

Maoao

}-{u =0k -m iﬂ'\-.{]'_m = 0

h[]'_-\ﬂ = '}"IU'I"ID + d_‘\I]-_g“-_r.. :‘\-IEM

Mug pleSsimo & amatinos ekéimo velkiants kenkimo momentas:

My — Mer acy
My=Mpacg=193.666 - W-m  dMpag= "—E =7.300- 5 -m

}‘Iﬂ_ﬁﬂ:= I"IU}I.CI':"IIIAEI T {B'[ﬂ'_n'-'l.ﬂ I‘-.{,_.‘.
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Skerspiivio redukavimas (amatiros pakeifimas betonu)

A= 0y Ay =4654x 107 - maw”

=0 1486748046 86835245
— |

011144 178075707393671 |
Im
= 011144178975 70758567] - m
Suplsidéjusio skerspiiivio inercios momentas apie neutraks a&
5-1;.—.1 E. = 3 _
= 4 b |+ (g Ag)- (d-an)” = 6332 % 107 F
Efekiyvusis mercios momentas:
(Meaa | (Maac |
LMpac) = | — | L+|1-| ——|
| Mgacr! -~

Mpacr |
finkis ki pleiS&imo -

k=—  koncentuots apkrova apkrautai sial
Myac
Praci Myagh = —
Emag-Ig

wiacr Mraglh:

k- praciMract) - L

linkis nuo pleigéimo pradfios iki amatinos ekéino:

M i
Pract Mmacy 2

EI:IILACI' Ié:‘-ITr ACT!

w art M acyl

k-praciMpach-L°
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
250

200

150

100

LENKIMO MOMENTAS, kNm

(%)
o

0 5 10 15 20 25 30
JLINKIS, mm

=50 % perdirbty uzpildy =~ =——EC2 ACI-318

A.1. 6 pav. Lenkimo momento — jlinkio priklausomybé pagal tyrima, EC2 ir ACI
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(Breccolotti et al., 2015). Betono natiiraliy uZpildy pakeitimo perdirbtais kiekis - 100%

Itempiy formulés gautos i tendencii niy:

: \ 5
ool €ecy) = 089946 - g~ + 17675 - €. — 0.5367 [MPa &)

: (8]
oecal€rpn) = 11342236 74 - £, 0~ — 1952376 € 0 + 81.04) . MP:

Deformaciiy rebsmes:
Eq, =10 Eq = 0002813188 g4 = 0004347930

o-€ palyginimy grafikas
Perdirbto betono uzpildy kiekis 100 %

Jtempiai o [MPa]

0,00000 0,00200 0,00400 0,00600 0,00800

Deformacijos € [-]

== (Breccolotti et al., 2015)

————— Grafikas pagal (5) ir (6) formules

A.1.7 pav. ¢ — ¢ grafiky palyginimas

A.1. 3 lentelé. Deformacijy palyginimas

[temphy Iygis Eytandio grafhio sekdmts Assomitiey
A0% oL0o0gEs o.000a2 D, 0000
[T 000143 0.00143 L0000
B0% D.001EE 000158 000010

e et I ignalus prafikas | Tendencioslings | pakaida
0% LOOosal 0.00536 0,00004
BOuL L0025 000417 OnG00E
80% 000352 0.0032% 000026
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Statinis momenitas:

&l S
Bp= loccilEcer ) - EerpdEeg + locelecal) - EccadEc
" e el
Figiiros plotas:
=l P
.-'ir_['.= | I'ELEI':EI:.I:]IH':EEI:.EI + ':EEEEIEE.I'_."”"&E[ﬂ
- EED.E T E{]_
B0 Donby Gautos rekimes:
. —4
o 5. =2864% 10 - MPa
M- \
flgL
A_,=0109 . MPz
Con ~ Yec
ke =——— ver = 0.002621
Eon

ko=0424

Laikomosios galios apskaidiavimas:

[i=mpiy esanéiy tempiy defommaciju grafiko svodo centre apskaiavimas

i % \
Teoplvee) = | —989946 - " + 17675 . v, — 0.5367 /MPa

Tecll veel = 38292 - hiFa
*  Sios geometriios i ammavimo parametrai;

Sia amuciama 4xd16 apatioie
b=02%m b= 0.5m dy = 0.035m
L= 6m f5 = S00MP2
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«  Betono vidulinis gniuZdomasis stiprs:
fom = 36.52MP2

+  Tamormo modulis:
% kylantics iendencios inijos iSsireiskiu deformacis tes 0 47,

g m | , e i) 0.016952051424166345626
| 4. —— 1= _—5'393‘45-!:“_] —l-ﬁri‘l-fcl_l—ﬂ.i‘iﬁal :sl:I-].‘.'E.Ec;_]_ —_ AP e

IMFa | 0.00080245781163095576236
£c:= 0.00090243781163095576256

(0.4 £
Em=———=16187.GPa
E¢

*  Neutraliosios ases padéfes apskaifiavimas

Tl el Gautos reikimés:
 fm e} = 1.068
FEES
(d) = 0.445m
- E_Fm'-:'-s]
" ek b () = 0.046m
- :E' EE- ISVyTa
For= g e b =% (F) = 450.24 . kN
Fo = fm- 2q1 (Fyl = 45024 100
Fe—Foy =0 kN

* | aikomoiji galkia:
Mp=og - f-b-x-ld—Jg-=)
+  Lenkimo momenty pusiausywra

I'-!.;_::uc.f‘m_-s:j-x-l{-}: |3'-.I.;"=3.5T.-H‘\I-m

My, = -8y -d (Mg ) = 200357 kN -m

Patikrinimas:
M- }.15}. =—]1015347 - kN . m

Mp=191.547 BN .m
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I I
fony = _-.11.13.;_1 1 | mh = 3239

fom = fpy - 1MP2 = 3259 45

h \
foma = nmﬁ_ l-ﬁ—m i hl.fmi|= 5.213 - MPa

fi= iSEiusio skersojlve i

b ;
w=—=02I5m
g |

Mesupkeigéjusio skerspilvio atspanimo momentas

I]_' T 3
W=—=10M2=10 - mm

¥

Pessimo momentas
Mgg=fomg W=354301 . KN.m

Magn=fam-W=33940 - kN -m

ILINKIO SKAICIAVIMAS
M
3‘-[.:' =0k -m lﬂ‘-[I = = ELII = :‘KID.}\-ED T dlII
k= = koncentructa apkrova apkrautai siai
48
Mg = —
m b
Jhinka:

wiMy) =k pidg) . 17

“Moa
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Suploiséjusios sifos Finkis

Skerspiovio redukavimas {amatires pakeiimas betonu)

iy = — = 12356 Aggt= G- Ay =9.934% 107 -

Em

Supleiféjusio skerspiivio neutraliosios adies padétis (£ iéqu pusiauswros Fe=Fs)

i 2 v (4 o | 0.15247192020199689485 | [ 0.132
—lmm - — - — -z | ey — = | =]
7 ) gy T o L-023194356110246037859 | ~ | 0232

xp= 0152 m

Supleifsjusio skerspiivio inercios momentas apie neutrala asj

b -:-:]I; b g 2 " g
o= —— by | = | +los Aa)-(d—s” = 11455 107 "
iavio kreivis:
N Mt
My:= Mg = 191.547 . 1N . m Dig=— " =6862.EN.m  Mp=Mgg Mga+ dip My
M
prMm) =
:Jn'I-E

Koeficientas wertinanitis apkrovimo frukme:
F:=1 tumpalake apkrova

Vidufinis kreivis
Mg
Myl =
pri g o
o Mgl == py Mgl g Myl = pgl Mgl

L'l]_:"-[]:[fl = ﬂEiI'-I]]_? - ‘—‘]I::"Iﬂl +1il - L;]IfI'.II[EI s L't]:i_}rlﬂ.ﬁ

Pasiski koeficientas:
Mg .I:
Mpogl=1-p-]—|
o Mp & My )

wlMp) = k- o Mg . L
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PALYGINIMAS SU EC2 NETIESINE PRIKLAUSOMYBE:

Deformaciios: i ( E (B2t e
, Eq=07:| SiEC | 3 Eel . Ecul — Ecl
|Egqpe = 0.000) & | WP | BEcp= [Eqgl = 00033 degg=———
14 10
£¢= Edic-Edlc T dEcc-Ecl (€ = Ecl.Ec] + dEq-- Equ1 |
Tamprumo modulis:
( 03
E =g | -GPa=314458. GPa
e i)
temnpiu-deformacijy kreives
E Ecl =
k=105 Eqmpra- g 1.992
e, eV [F 2
=E_l== [ L. B (8%
ta \ea) | g
Topmlel = _— | e\ Ecl )
cEcal fd = fm e e Corcy Bl = Fn- | >
Li{k-2-—| { ]
2 € | 1 (k=2 —
- L Eel
o-€ palyginimy grafikas
Perdirbto betono uzpildy kiekis 100 %
45
40 -
/
35
£ 30
2
= 25
é 20
o 15
10
5
0
0,000 0,001 0,002 0,003 0,004 0,005 0,006 0,007

Deformacijos € [-]

e (Breccolotti et al., 2015)

————— Grafikas pagal (5) ir (6) formules

Grafikas pagal EC2

A.1. 8 pav. ¢ — ¢ grafiko palyginimas su EC2
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rEcl - "=l r -
| e |, fa (&
Ea Ecl Ed Ea )
Seg= g |[———————— |- GcdEc fom - | “Emdfn
Eg S
I+ &k-—2-— (1+k—-2}-—
£¢1 L Ecl
1 = Ecl
B N —4
{8, c)=1881% 100 " -MPa
Figliros plotas:
~Ecl = - ol r =1
| [ i - a1 Em |
T — A R |
S L Ed Eel Er )
A= o | dieg + £ {9
| Ec Eu
|1t (k= 2y — l+k-2).—|
I £ Eel
L] “Eel
1A i =0.095-MP:z
Figiiros svorio ceniras:
[ B
fye = —= [y = 0.00198168
| Ser
_ Eml ¥
= e
fEenpiai figlros svorio cenire:
I 3
|3 2o
| | Ed | Eck)
= ¥ PO, Wit S0
Oepd ) = fp- | - | ey vel| = 36,329 - 1Pa
- 1+ (k-2 — || '
‘_ . Ecl
G Tl
= r"_ = =0.995
fm

116



+  MNeufraliosios asies pedéliies apskaciavimas

Gautos rekimés:
d=h-d;
0.0033 (d}=0445m
Elim = =
. N
G.0035 +— | £l = 0,556
Eg
{xg = d- Egml
=) =024Tm
=
_ £!-1r.'-'1-51
- fgn - b
iz =|:|'ﬂ::]:l.'|.
JEQU DUSERLISVYTE:
Femop-fp-b-x |Fel=43024 - kN

F;'_r:= f'm] Ag

| T T i
F.—Fy=0-EN Fip) = 45024 kN

+ Lai ji galia:
Mppm=o-fm-b-x-ld-k-=

*  Moment pusiatisyra
Me=og-fm-box-ke-x

Mppmy=190674 - kN -m

(M} =2682-EN-m
My = - Agp - d

(Mo =200357 -k -m
Pasitiknnimas:
hIc—lIE:,:—lr'fﬂ.Ei"-i-kN m
Mppoy=190674m - kN

Ekspermentio r EC2 laikomosios galios palyainimas
Mp =181347 -kEN-m
Mppm=1%0674-kN.-m
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LINKIO SKAICIAIMAS
Nesuplgigainsios siios finkis:

Mp = 0k - m diigm = Mg = Mp. Mp+ &dvipcy - Moa

Kireivis:
k= 4—'; koncentuots apkrova apkrautai siai
Migm
PR S O B
EmEc:- I

linkis:

wigcd Mrecal = k- precal Mgl - L7

SupleiSéjusios sijos jlinkis

Skerspiiivio redukavimas (amnatiinos paketimas betonu)

Es . I . ¥..3

oy = ——— =6.164 Apg =0 Ay =4.056x 107 - mum
Emmeca

SupkSéjusio skerspilivio neutraliosios afies padéts (i Bau pusiausvyros Fe=Fs)

1 s b \ Ay [015411795086T08792695 | |-—E.1f4 '-|
— - — = | — ==y |- s =
y e e 2 Lo1amas0ranisinm J L o114 )
= 0114 -m
SuplkeBdjusio skerspilvio inercios momentas apie neutralia asi
3 i 2
ey = —— +boxg | = |+l Ay (d—sgf” = 6664 107
Supleigéjusio skerspilvio kreivis:
My—Man

\Mepm = Mp pry = 190674 - kN - m) | dMmEe :=%=6.SEJ-1-;N m

3 | ¥}
iMpED: = Mgg. Mg+ ddypca- Myeo)
[ Mpec |
{ PoEcH MogQa) = ————
- EmEc - Imeea
Kosficientas weriinanties apkrovimo fukme: Passkirstymo koeficdentas:
B=1 trumpalaiké apkrova 2

M i i
toecalMapcal = 1-8- | = o |
o | 4 3 e
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idutinis kreivis

Mpoec
precalMasca) = ——
Emeca I
eqpcalMpec) = precol Muec) arpcal Mpec) = poecd Mpec)

ol Muem) = Sppod Muem) - tnped Muga) + (1 — Coeead M ecl) - crpol Moes)
lrkis:
“-]IEC'JI}I]IECII =k -opmlMMgpml -1

PALYGINIMAS SUACEI18M 11

Ribiné gniuZdomoj betono defomacia:

€y = 1003
Statins momentas:
~Ec] -
S I FecilEeclt- Epaydic + | localeeall Ecpdicey
“ €l “Eel
Figires piotas:
el rE
A= Hoealgeal deger = J foepitea |l dee g
" Edlc Ect
Svoro centras: Gautos rekimes:
" S = 1388 107 T . MPa
Yec = 75
“eg ; i
T 007 - MlPa
Em — ¥ _
k= o= 0001972
Cou
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Laikomosios galios apskaiCiavimas:

»  ftempiu esancin t=mpiy deformaciy grafiko svono centre apskaiiavimas

Ol vec) = | 989946 - yu: + 17675 . v — 0.5367 [MPa o, v ) = 30461 MPa

PleiEginmo modulis (tempiamasis betono sfiprs)

£o= £, =3652. MPa

A =1 nomaliop svorio befonas

L NP3 =3747.MPa

= 062-N. |
B0 \ MPa

Tamprumo modulks:

[%

Ecu acr = 4700 |—— - MPa = 28.403 - GPa
+ 2

Pz

v+ Meulrgiosios afies padéfies apskaiavimas

dz ol Gautos rekimeés:
. Jeellec
. (o) = 0834
d=h-d;
(dy = 0445m
_ fjar.'-‘l"-sl
R (%) =0.039m
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Fo=ty fp box (F.) =43024 -1
Fo = - A () =450.24. 10
ft_fg.': 0.k

Lakomoj galia:

Mpar=oc-fop-b-x-0d — k- xl

Lenkimo momenty pusiauswwra

B2 e By e (M) =9.125- ¥ .m

M= G- Ay - (M) = 200357 - kN - m

Patirinimas:

M- M, =-191231-kN . m
Mpacg=191251 - kN - m
Pahyginimas:
Mp=191547-EN-m
Mpera=190674 -k -m

Mpamg=191231 - kN-m

Inercios momentas:

L=L=2604%10 . cma’

e

Meam:

=30020 kN .-m
¥t

Iki pleiE&imo veikiants lenkimo momentas:

Moam

My=0kN -m dhiracy = 8

My ey = My, My + dpacr . Moacs

Muo peiséimo ki amaiines ekéimo veikianis enkino momentas:

M~ M
My=Mpag=191231 . KN-m  dMpaq= *1—ﬂm =761 B m

Mpacy= Moacr. Mo acr + dMpacg-My
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Skerspjivio redukavinias {armatiiros pakeifimas betonu)
Es

Ay =g Ay =4956 % 10° -z’
ag = =7.042
Emaa
Supkisjusio skerspilivio neutraliosios afies padats (i& Eou pusiausvyros Fo=Fs)
= |: i frid | ; Al
B iy ] [ i 1]

[ ~0.16640700296149368726 |
- —— |

o | 0.12111591126562287345
= 0 12111591126562287345 - m
Supleisejusio skerspilvio Nercios momentss apie neuraks asi

T :
o Do

(=} : S -4 4
g, S (Bl e o E 3 5 = 0
5 b- =g i 5 | log - Al (d— =gl 410 = 1 m
Efek sis nercios momentas:

[ Moag
LMpag!= |

| o (Maag)
mdg “Th P

\ M acr - | Mpaer )
linki ki pleiS&imo -

konceniruoia apkrova apkrautai sk
45

Mract
praci Mracg) = =

Emac- L
wiaci Mpacyh =k - pracr Mracy L

lirtkis nuo pleiséimo pradzios iki armatinos tekéimo:

. _ My acs
Poact Mmacy) =

Ermact - Id My art)

wparp Mpacy! = k- ppagMgacgl-L°
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE

250

200
€
=
-
)

E 150
w
=
o
>

o 100
2
4
=4
w

— o
50
0
0 5 10 15 20 25 30 35
JLINKIS, mm
100 % perdirbty uzpildy =———EC2 ACI-318

A.1.9 pav. Lenkimo momento — jlinkio priklausomybé pagal tyrima, EC2 ir ACI
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Bendri rezultatai:

LENKIMO MOMENTO IR JLINKIO PRIKLAUSOMYBE
NUO PERDIRBTY UZPILDY KIEKIO

250

£ 200
=4
vl
)
<

E 150
w
>
S

o 100
2
4
=4

& 50

0

0 5 10 15 20 25 30 35
JLINKIS, mm
= (0 % perdirbty uzpildy 50 % perdirbty uzpildy

100 % perdirbty uzpildy

A.1. 10 pav. Lenkimo momento — jlinkio priklausomybé¢ nuo perdirbty uzpildy kiekio

INERCIJOS MOMENTO- LENKIMO MOMENTO
PRIKLAUSOMYBE

300000
< 250000
£
o
2 200000
'_
2
w
2 150000
s
(%]
S 100000
(@)
o =
w \
£ 50000

0
0 50 100 150 200 250
LENKIMO MOMENTAS,kNm
———0 % perdirbty uzpildy 50 % perdirbty uzpildy

=100 % perdirbty uzpildy

A.1. 11 pav. Inercijos momento — lenkimo momento priklausomybé nuo perdirbty uzpildy kiekio
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A.2 priedas. Skaic¢iavimai pagal 1 metoda (Belén et al., 2010)

(Belén et al., 2010). Matavimas terzodavikliais.
Vandensicemento santykis 0.65. Perdirbto betono u@pildy kiekis - 0%

fempiy formules:
[ 5 SRRy Y B!
ealfee) = || -10235400.61 - .01~ + 3626899 £, ) ~ 022 [MPa 7
| w2y I. ans3 Lo Esal {8)
o3l Ecpa) = | 2000000 - €, 5~ + 40534 . £, + 30.654 |MPa
Deformaciiu rekdmeés:
Ecpc =0 Eqp = 0001787 Eqg == 0002262
o-€ palyginimy grafikas
Matavimas tenzodavikliais.
35 V/C santykis 0.65. Perdirbto betono uzpildy kiekis - 0%
30
25
©
[a 9
; 20
©
K
o
S 15
3
10
5
0
0 0,001 0,002 0,003 0,004

Deformacijos € [-]

e (Belén et al., 2010) = = = = Grafikas pagal (7) ir (8) formules

A.2. 1 pav. ¢ — ¢ grafiky palyginimas
A.2. 1 lentelé. Deformacijy palyginimas

Deformacijy palyginimas

iy s Kylantio grafik reikimas Aboliutia]
4055 000310 0,000 0. DO00E
6% O_DIGES0 0.00655 0_DDIEDS
B 00830 0.002E3 000003
_ - Besileidbiondio grafiko reikdmes | Absaliuioi
Iremely el s | Tendincioainis | peksia
a55 0.02259 0.02344 0.00o1s
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Ecl “Ecn
See= [ toeerlEear - Eeordipe + | (el all - B dEs o
“ el “Ecl
Figiros piotas:
rEcl ~Em
App = o atee M deg g + | [oecatEceal) dEc e
"Edlc =
Sworio centras: Gauios reksmeés:
Sec § . =7.186x 100 - MPa
Fer-=
Ao . .
A =0033 - MPa
£m Yo g
ko= — v = 0.001368
Em
k. =0.395
Laikowmosios galios apskaiciavimas.:
s [tempiy esantiy tempiu deformaciy grafiko svorio centre apskaifiavimas

i) = ['ﬁ _10235400.61 -y, . + 3626899 . v ) n.::]h Fa
Teell Vel = 30245 MPa

+  Sios geometrios i amanvimo parametrai

Sija ammuciama 4x$18 apaticie
b= 025m k= 05m dy = 0.033m

o
L:=6m £4 = S00MPa

B = 1.12- £5 =560 - MPa

Ag=80dx 10 e
E, = 200GPa
Dby = 4
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«  Betono vidutinis gniuFdomasis stiors:

fm = 31.52MFa

v Tamprunms moduls:

12 kylanios tendencios injos BsreBkiu deformaciy tes 041,

' =

\ 7 ) 2 \ 1 [ 0.0031392740757779498083
|04 S | =1-10235400.61 - ey | + 36268.99 - €1 ) ~ 0.22] zalve. €1y —
\ i a - T -

ge= 0000404211067 TEIE6953678

(04 £
Bipo e O LAY - GaPa
"‘:C
«  MNeutrabosios afies padéties apskaikavimas
Tecll oo
=
fm
d=h-d
_ £|-'.Ir."'Lil
C oo b

Mp =0 -fop-o-x-ld—k-xl

+ [ enkimo momenty pusiausvwra
Me=op f-b-x-k-=
Mgy i= - Ag -4

Patirinimas:
M, - M;Y= —180.762 - KN - m

Mp =182762 - kN - m
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\ G.0004042 1 1067 TEB65936TE

Gautos rekimeés:
x, = (.547

x=006m

F o =43024 -1

Fop=45024 . EN

Me=10594 . EN -m

My =200357 -EN -m



=m.1:{lj L6~ 1'3'02-1:..1.
NesupliSius i R mERE
Inercios momentas:

= bf = 36047 % 10" - cm”

Skerspiivio swono centras
k

®=T =025m

| ﬂmtm_ =486 . MPa

MesupleBéjusio skersplivio atsparumo momentas

],'I - -

We=—=10M2x10" mm

Plesimo momentas

Mog=fomg - W= 50623 - kN -

Meaom = fgm- W= 31649 kN

My = Mg Mp+ dMp. Mg

ILINKIO SKAICIAVIMAS
Nesuplaiséjusios sijos iinkis:
Mg
My= 0N .m dMy=
Krehis:
k= A koncentructa apkrova apkrauta siai
45
Mz
{1yl = =
pr g S
|fimkas

wyi My = k- pihdy) L7

128



Supleisdiusios sijos finkis

Skerspiivio redukavimas (armmaiibnos pakeiimas betonu)

E; . .
= — = 6.332 Ag =0y Agp=3.091 % 107 - mm’

i0 neurakosios adies padéts (i &

1 5 % i d - Aq [-01565141484254094918 | (~0.157)
—- =) - ——{——xm| as- — I 1= |
2 Im | lm lm: 0.113780123550339588601 0116 J
xp=0116-m

SupleBajusio skerspjivio inencios momentas apie neutralig as|

1:-}.-{[3 x]l-I; 2 =
theagel— | # (o Ag)-{2-xgd =6RIEx 10 Tm

12 3

Ig=

SupleBaiusio skerspjlvio kreivis:

i i My—Mgs i "

My=Mp=182762 kN -m diig:= e 6.957T-EN -m Mp=MgaMga+ ddp. My

Mp
poi Mgl = —

) Em-In

Foeficientas perinants apkrovimo ukne: Passkirstymo koeficentas:
G:=1 tumpabiké apkrova T |'.}~Ic|:_ﬂ 2
Vidufinis kreivis

My
o Mgt =

Em -k

u-_II }\.L]II = p:! :‘.-1]:I ﬂ]ﬂ :'\-I]l' = P]i l"{[[.‘
o Ml = (i Myl - o My| + {1 — ¢ Mg | - og Mgl wop Mg = k- o M) - I_|:
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PALYGINIMAS 5U EC2 NETIESINE PRIKLAUSOMYBE:

Dieformacios: ¢ w831
T R A S Eul — €l
Eepe = 0.000 b U dEgy = — Eggp = 00037 degg=——
2 10 10
€ = Edli¢, Bl + € Exl Em = Ccl.Ecl + dEen.- €l

F L3
i lml \
Eanpm =22 - GPa=31.163 . GPa
| 10hIPa |
tempiy-deformaciy kreives
£

1

E [ e p el |
l-—c—lr—t L Em_"’:-m' 1
coscofed)om |0 \Ea) . ¥
e | : TmE) Em! = Eme ==
N P | SRRt E
el 14+ a-22 |
- €1 |

o-€ palyginimy grafikas
Matavimas tenzodavikliais.
V/C santykis 0.65. Perdirbto betono uzpildy kiekis - 0 %

[ N N w w
(€] o v o wv

Jtempiai o, MPa

-
o

0 0,0005 0,001 00015 0,002 0,0025 0,003 0,0035 0,004

Deformacijos € [-]

e (Belén et al., 2010) = = == Grafikas pagal (7) ir (8) formules EC2

A.2. 2 pav. ¢ — ¢ grafiko palyginimas su EC2
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£l - el

ki_'E:_' k_E_ﬂ_|E_m"
Eq et | £l L Ed
Sec= fm fpde = ; EdEy
C Em
1+&=-2).-— | I+ (k=-2).—
I:ﬂ__ £q
i "l
= -4
S, =1637%10 - MPa
dros plotas:
2l z sl .
£ B\ | Em [Em |
)| e
) Erl £l | Sl L Ed
A= t E deg + £ degy
1+&-2)-— [1+G-2.—=
£cl L el
Yo “Egl
Arc=0084. MPa
5
= *‘" v = 0.00183307
“ri
El — ¥
k=
Eml
lempiai figlinos svono cenfre:
L (%Y
_ Ecl | Eql
= s 3
Ty ¥ e = ,,-{_?E{}-ﬂ =31.86- hMPa
1+ik=2)-—
E¢l
ey Ve
o= —C _pgos
fom
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» Neulraliosios asies padéfies apskaitiavimas

Gautos reksmés:
d=h-d
— d=045m
£lim = =
fym
0.0035 + — £ = 0556
Eq
z=d-fgm
% =0247m
Lo mo el
. T

z=005Tm

ft'_z U‘-c'fcm'a-"':{ IE=45|}J4L-N:

Foy = fm- Aal

=43024 . &
FoFL =0 1 Fp=45024.12

+  Lakomod gakia:
Mpecy= ac- fm-b-x-ld -k - =l Mppey = 189.123 - KN - m
* Momentu pusiausvyra

M=o £ b-m-lp-x
Me=1124 kN m

My =t Ag-d
My = 200357 - KN -m

Me—Mgy=-189123 .1 - m
Mppo = 180123 m - kN

Eksperimento ir EC2 lakomosios galios palyginimas
Mp=180762 . kN -m
Mppm=182123-EM m

132



ILBNKIO SKAICIAVIMAS
Nesupleigéiusios sijos inkis:
Meaa

-

Mg=07 m  ddppe = Mipm = Mg, Mg+ &g Mqs

Kreivis:

k= i koncentruota apkrova aphrautai siai

Mg
piecai Mg | = ———

Emecz- &
Jinkzs:

wiec Mipcz) =k - precel Mige) - ]_:

Supleigéiusios sijos jlinkis

Skerspiivio redukavimas (amsatiiros pakeiimas betonu)

= 6418 Ag=os Ag=316% 107 mm

F
I

EmmEC?

Supleisiusio skerspilivio neutraliosios aSies padéts (£ Bgu pusiausvwros Fo=Fs)

1 i P l_;i_\ I| Aq —"| —0.15773399384562856724 ';_;—a_‘-.:'s|
3 LT e, RS L2\ D1iesseasssTesrasoass | | oae
zg=0116-m

Supleigusio skerspiiivio inercios momenias apie neuirala asi

b2 3 =g ':: ‘) vy
Tppeas 1?I 2T m;.-'.%:; +{og-Ag) - ([d—xg) =6886%10 'm’
SupleEsiusio skempjilivio kreis:
M, —M_g
Mypcai= Mrecy = 189125 . kN m rEey = ———— = 6.957- kN
Mpecy= Mg Mga+ ddoes. Mypes
I Mooz

preclMpppil =———————

EemErz - ImEca
Foeficentas verinantis aphrovimo trdkme: Pasiskirstymio koeficientas:
B:=1 trumpalake apkrova 3

GroiMppn) = 1-f-|—
| MpEca |
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Vidutinis kreivis

Mmrca
et Mpem) = —————
Emeca- It
cqeci M ret = precal Mo e) oqpcrl M ecal = prec Mec)

opcyl Mpec) = CpectMpec) - epect Mpecat + 1L~ GpeceiMpec! ) - 1 pcot M e

fimkis:

wpeca Moeca) = k- gl Mpeo) - L

PALYGINIMAS SUACE318M-11

Ribiné gniuZdomoi betono deformarciia:

Eqy = 0002262
Statinis momentas:
rEcl S
S‘:.{ = |I:l'{ -\:ll Ceel - el d‘:c.c] T J ';':rc.cll Cena I} Erer d':c.rl
" Eiic £l
=51 S
':5:4: = |‘ I':nccll':c.:.lll-;dcc.cl _J‘ I':"L:EI.‘Ec.cEH':.Er.c:
=T £
Sworio cenfras: Gautos rekimes:
e 5., =7225% 10 - MPa
Yo =& P
e -
A =005 MPa
Eem — Yo
k= v, = 0.00137
':I:ﬂ.
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Laikomosios galins apskaidiavimas:

ftempiu esantiu fempiu deformaciu grafko svore cenire apskaiiavimas

ol )= ﬂ “10235400:61 - v, " + 3626899 .3, | - 0.::]}.1Pz

Pleigsimo modulis (fermpiamasks betono stipris

£ = £, =3192- MPa

X =1 nomakoj svoro betonas

—

£:=062-X- |
; J 1Pa

-IfPa =3.303- MPa

Tamprumo modulis:

E CL-= 47040 - |
. ALK i MP:

MNeutraliosios asies padéies apskaitiavimas

-MMPz =26334 - GPz

T :!I-"-:.u:l

£:rm'-'lL=]
1"tw:fl.::nllz|
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s = I 15
T, ol ¥e o) = 30256 - MPa

Gautos rekémeés:
o, = 0.948
d=045m

x=006m



Fo=o-f - b-x F.=43024 - kN
Fo=£m-Ad Fop = 45024 - 1N

Mpag=o-f -b-x-[d—k-=
+ | enkimo momenty pusiausvyra

M=o -fq-b-x-k-x

M, =10571 kN . m
M= £ Aup-d M, = 200357 BN m
Patikrnimas:

M, —M,, =-189.786 - kN - m

My acy=182.786 . kN . m

Palygnimas:

My =189.762 kN - m

My po= 180,123 . KN . m

Mg gy = 189.786 . K- m

Inercios momentas:

L= L=2604%10 -cm’

e
3

- P gﬁ_ E=36488 - -m
By !

ki pleEéjimo veikiantis kenkimo momentas:

Moag

My = 0kN-m Dlac=—

by ger = Do My + Ay aey- Mo aer

MNuo pleEsjimo ki ammatiins skéimo veldants lenkimo momentas:

— 1"[7 e :"'I::_UCZI -

M, =My o =189.786 - kN-m  dMyuee 7665 KN m

¥

Mpac=Moacr Maaer = P aer- My
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Skerspiovio redukavinas tamatiinos paketimas betonu)

E 5

o, = =7.532 Ay =0y - A, =6056% 107 mm-

L a2 b (4 \ Ag [ ~017303312092049695757 |
_.,"'EIIJI T __xZ"..'I.l"'-x: —| e el
a lm | Im - Lol | D12458836946301183839

mp = 0124588369462 01 183830 - m

SupleEsisio skerspilivio inercics momentas apie neufralia asi
by (=) VRIS . SOTO——C Y
I.= o —b‘sﬂETi o - Ay -ld - =T7828= 10 m
Efektyvuss nercies momentas:
M M,
florac ACT |
L13.1u515:=| AG | g+ 22
\ Mpacz | [ Mzac |

finkis: ki peisaj
k= A koncentructa apkrova apkrautai siai
48
hIL-LC'I
praciMracy) = —————
Enac-k

T'L']'_A.CFI hli_m:' =k H_{q'_}*i]_m' o

finkis nug peEsimoe pradios ki ammaines ekéimo:

It !
PracdMpac! = $
Eemacr L Mpacs)

-

woacd Moaer) = k- practMpac) L
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
200
180
160
140
120

100

LENKIMO MOMENTAS, kNm
NGO~ O ®
© © © o

o

0 5 10 15 20 25 30
JLINKIS, mm

=0 % perdirbty uzpildy =——EC2 ACI-318

A.2. 3 pav. Lenkimo momento — jlinkio priklausomyb¢ pagal tyrima, EC2 ir ACI
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{Belén et al., 2010). Matavimas tenzodavikliais.
Vandens/cemento santykis 0.65. Perdirbto betono wZpildy kiekis 20%

Iternpiy fommukés:
o clEec) = |_-l 777570933 €. + 3146740 € q ) — 0. 13]MP3 ]
. Tt _— 2 n \ R (10)
oo calEcal =11 —1020224707 - gy~ + 4102522 g, 5 | —9.17 [MP3
Deformaciy reikdmes:
Ecpe =10 €y = 00207 Eq = 000255
o-£ palyginimy grafikas
Matavimas tenzodavikliais.

35 V/C santykis 0.65. Perdirbto betono uzpildy kiekis - 20 %

30

25
©
[a 9
; 20
o
=
o
£ 15
3
10

5
0
0 0,001 0,002 0,003 0,004
Deformaciios € [-]
e (Belén et al., 2010) = e e Grafikas pagal (9) ir (10) formules

A.2. 4 pav. ¢ — ¢ grafiky palyginimas

A.2. 2 lentelé. Deformacijy palyginimas
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Siatns momentas:

rEcl
See=
“Edic
Figiiros piotas:
el
A —
AL~
" Edlc
Sworio centras:
Sex
Yoo <
-'I'-n:.n'_
B —y
M~ Yo
k=
Emu

Laikomosios galios apskaiciavimas:

(Tl Bt} - Ecp digey +

'.'i"cr.l ':‘5:.:1 i) digg +

~Erg

]

By

" &l

(meaaleall - Coadica

loepal Eeall dEg

Gautns rekEmes:

5., =908x 107 " -MPa

A__=0059. MPa

veo = 0.001545

ke=0394

[tempiu esantiy kempiy deformaciy grafiko svorio cenire apskaitiavimas

- - 7
O il vec) = [I ~TT75709.33 -3¢ + 3146740 v ) — 0.13 [MPa

Sips geomelios © amavimo parametrak

k= 05m

Sija armuojama 4x$16 apatioe
dp = 0.055m
fix = S00MPa
fym = 1.12- £ =560 - MPa
A= 804510
E, = 200GPa

Dpahar = 4
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ocell Yee) = 29.923 -
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+  Betono vidutinis aniuFdomasis stiors:
fm = 31.7IMPa
v Tamprumo modus:
15 kylancios tendencios linjos Ssreiku deformaci ties 0 41,

[ 0.0035928643883435836751 )
| DLO004S4020424728]1 2474434

= =T775708.33 . £ + 146740 - £41 ) solve £qp —

= =217937-GPa
CC
«  Neutraliosios asies padéties apskaifiavimas
. Tl T Gautos reksmes:
a fm o =084
d=h-d;
d=04H3m
B Aq1
=uc_fm_'|:, x=0.06m
= Jegu pusiBusvyta
Fr=o-fpy-b-x F,=43024-kN
Fyp=fn Ag Fop=430.24- kN

f.;_f;!;=0'k_}'l

Laikomod gaka:
Mp=o-fm-b-x- |d=l- =l
Lenkimo momenty pusiauswwra

T = B o " [
M= - fom = % - 2 Mo=10635 - K0-m

ZxIs}. = f_‘m-_-';ﬂ-d M,..,_.=2::I£l.35'-'- 8
Patirinmas:

M~ Mgy =-182672 - kN -m

Mg = 182671 -EN-m
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fm = fmy - IMPa = 3.008 . MPa

fma = ma r:l_e—m[;_m| £m.frmE=4.343-}-£Pa
R s

Inerciics momentas:

fi= hi?:‘ = 26042 % 10" e’

Skerspiivio swono cenfras
W= e 025m

=

MesupkBsjusio skerspilivio atsparumo momentas

W Z o110 107 et

b
Pleisimo momentas

Mag= fma- W=5046 . m

Merom = fom- W=31.338 kN . m

ILINKIO SKAICIAVIMAS
Nesuploisajusios sijos jinkis:
. : =T 3 }LIEﬂ Wl - PO Y
My=0kN.m  dMj= " My = Mg Mg + dhp. Mg
Kredia:
L=  koncentructs apkrova apkrautsi sisi
43

i) My

| Iyl T=
pr 2 e
|fakeas

vyl M) o= k- pyiMy) - 1.2
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Supleissiusios sios finkis

Skerspiivio redukavimas (armatiinos pakefimas betonu)

5

= ST Ay =05 Ag=3756% 10 - mm

i0 meutrakosios afies padéts (i Bqu pusiauswos Fo=Fs)

1 3 b Ag —0.163008315390858573053 1 [ —0L168"
5 =m) -7 e 2 767 745 |=| 17 |
2 Im 1 lm _— 01219619676 7944686745 012 ;
= 0122 -m

SupkEaiusio skerspjiivio inerciios momentas apie neutralia asi

b-x]IE gy 1

= +bomg | — | +log-Ag)-ld-mgf =7.518% 107 T’
12 \.3 )
Supleisusio o kreivis:
}l[v = }-Iu’ﬂ
My=Mp=189672-kN - m aslgi= T =6061-kN-m Mp=Mea Mys+ dMo. My
My
Mgl =
M EDII. I]1
Koefcientas verinants apkrovimo frukme: Pasziskirstyme koeficientas:
AG=1 tumpakke apkrova Mo
(WMpgj=1-8-| —
(ol Mn | =
M;
ot Bl = — i
Fem- &
o Myl = pgd Mgl ag My = pg Mgl
vl M = (g M) - o Mgl + {1 - G Mgl - oyl Mg wp Mgl = k- ol Mgl L’

143



PALYGINIMAS 50U EC2 NETIESINE PRIKLAUSOMYBE:

Deformacios: 031
| fom | _3 Emul — &l
Ecpe = 0.000 € =07 | = {1 Eci Ecgl = 0.0035 dEqm = ——
he o | 2pa ) dgp=— o 10
10
Ec = Eelix, Ecfic + dEec- Ecl Een = Ecl,Ecl + dFcu.. Eanl

3
By =235 fn | -GPa=31102-GPa
: L 10MP3 /
Itempiu-deformaciu kreivés
£a

[ . 3 1
E I B ) ’ 2
R W AR T
cesafe = gue|%a \ea) Sl
el | ; & TaEct €a! = fm- = '
+k =1y —= o
i (k=2) €a 1+k-20.—
g Er |
o-& palyginimuy grafikas
Matavimas tenrodavikilais,
WI'C santykis 0.65. Perdirbto betono ulpildy kiekls - 20%
1
10
o
.3 b
E n Ik"‘.
- N
L5
Z
{1}
(5] . . . . .
a 13,00 @y (il e o0 10,0025 0,00 000 (181 a1

Delormacijas & [+

o Relin et al., J0I0} = e = Grafikas pogal [B) b [10) formuley. s— R

A.2. 5 pav. ¢ — ¢ grafiko palyginimas su EC2
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s

~Er] e = rEoul
E o |
k- e S i' |
Ecl Eel |
Sep = fm- EcdEc+
'EC
I+ k-1 {
"0 ‘&
. —4
S, c=1625% 107 ". MPa
Figiinos plotas:
=1 : ~Ecul
£¢ | ol B
i £l Ep
A= fom c
£
1+ k-2 —
Lol
0 “Ecl
A_ =1D083 . MPa
Folros svono centras:
5
o= — v = 0.0019538
e
Erul — ¥
=
Sl

;
£ B, Y
ou [at}
O [
3 Ecl Egl
tom - =
I+&-2) =
Ecl
| €m [ Em |
— =
Eal LG
£
11+ k—2)-—
L |
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Mempiai figiros svorio cenfre:

¥ e |
;e ol
N i B Ea
Teye ¥e! = fom- = Teyetvel = 31634 - MPa
=
£a

Or oyl ¥e
= 0 _ 9o

*  Neulraliosios asies padetes aitiavimas Ciatitos reddmes:
di=h—d;
0.0035 iAo
£bim = £
T 3 a1l
10033 + — Epn = 12336
By
I‘i:=d Ehim
2 =0.24Tm
fim - Asl
=
O - b

z=005Tm

jé 3 ;
Fr=opifm-b-x% Fc=45024 - kM

Foy = fm- Aq

F—Fy=0-N Fop=43024-1M

e Lakomei galia:
Moy =0 fin: b x-{d=le- ) Mppm = 18904 1N m
«  Momentu pusisuswra
M=o -Ep-b-x-k-x

Moy = B Ay - d

Pasitkrnimas:
M -M_=-15004 - kN -m
Mppm=150.04m- kN

Ekspermento ir EC2 lakomosios galios palyginimas
Mp=180672 -EN-m
Mppm=189.04 - K- m
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ILIMKIO SHAICIAIMAS

Mp=0EN-m g = Mipm = Mg Mp+ Mg Mag

k= % koncentructa apkrova apkrautai sijai

Mrgca
preci Mgl = ———
" EmEc-h
Jinkis:

wrpcalMrgct = k- precal Mg - L7

Suplaigdjusios sijos jlinkis

Skerspiivio redukavimas (amatiiros pakefimas betonu)

e G Awy = - Ag =517% 107 -omm

= S— ey = g~ Ag]

Suple#siusio skerspilivio neutralosios adies padébs (B Equ pusisusviTos Fo=Fs)

L 2 b (@ '| Sl |—C1.1i"91:2"9-l-4619':‘1134'-291 (0138
- lmgyl - — -l — —ugqy - - b=|

2 G e T 2T onessassiiasesesst )\ o7 )

2p=0.117-m

SupleBsiusio skemspiivio inercics momentas apie neutralia asi

-

I__ . szl . -4 4
f (o - Ay l-|d—=g)”=6837 =10 m

i
]
i

:
|
|

&

e

I'.i.,; - :".Iﬂ-_ﬂ
Mypra=Mppo =180 -1 -m ddgpm= 'T =6961-kN - m
Mypm = Mgg Mg+ ddoee. Mypm
. n Mpeo
poeciMpEcy) = ——————
EmmEc2 - InEca
Koeficentas ivertinantis apkrovimo rekme: Pasickirstymi kosficientas:

g=1 trumpaiakeé apkrova
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Vidudinis kreivi

Mpec
preci Mool = ——
EmEcy &
arecaiMneral = precl Moee! oarpcal M ecal = precoiMpec)

opal Mppea) = Cpecd Mpec) - epecaiMpec) + (1 — GreciMueca) |- orecl Mo eca)

limkis:

wiec Muem) = k- opeiMppea) - L7

PALYGINIMAS SUACEI18M-11

Bibiné gniufdomoi befono deformacia:

£, = 000253

Statinis momentas:
el Eom
s |
5|:.|: T IU-: -:ll.ic.'.:l H- L d"En:.n:l L) | 1 ‘:r-c.l:ll Cral M- ez dc:.ﬂ
=" |
Fotros plotas:
~Ecl ~Ecn
"I*:.r = I':UCCLIEE.[III:IC:ECI:I x I‘:rl:.r‘_""cc.r_"':'l':l"::.-c_‘-
e Tl
Svorio cenfras: Gautos rekdmés:
TR Sex See.=908x 0~ - MPa
o=
A -
A =00E5- MPa
Eca — ¥,
L o=— % v, . = 0.001543
E_ ’

k, = 0394
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Laitkomosios galios apskaiciavimas:

+  |tempiy esantiy fempiu deformaciu grafko svono cenfre apskaiCiavimas

o al Vel = |_I —TTIST0933 -y, T+ 3146740 - v, | - 01 3]3[?1 ol Ve o) = 29.923 . MPa

Pleiéimo modulis (fenmpiamasis betono sfipis)

£=f, =371 MPa

=1 nomakop svorio betonas

.
£:= 062 X |— MPa=3491 MP:
| MPa

Tamprumo moedulis:
[
Ermari =47H o | e

d;- a

-h[Pa = 26466 - GFa

*  Meufraliosios ades padéties apskaifiavimas

P Gautos rekimes:;
. ochiter
AR o= 0944
d=h-d
d=04H5m
3 f;.m'-'l-;l
_‘-":'Em'b x=006m
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F,=450.24 . kN
Fip = G- A Fop= 4502414

1 = I < RS TR
Mpame=o £ -b-x-|d—) -=

Lenkimo momenty pusiausvyra

"'l, -~ i A 1 & S s
Wi o= gy M, = 10.685 - KN m

My =fn-4,-d My =200357-1K-m
Patikrinimas:

M. — M, =—182672-kN-m

Mg ae=189672 - EN.m

Palyginimas:

Mp =189672-EN-m

Mpeey=18004 - KN - m

My yo = 189672 . KN -m

Inercios momentas:

L

Lo i '

E
-
X
M= Bk 36,368 - kN -m
bt

ki pleEeimo veikiantis enkimo momentas:

Mean

}'!':l =0kMN-m d:‘"II_I'.I.CI = 0

Myagy = Mg Mg + &y gop- M aer

Muo pleEsimo ki armatliros =héimo velkiants lenkimo momentas:

M, - M
M, =My 4= 189672 KN -m E.Ilm:=m=?.ﬁﬁ:?-k}i m

- i)

Mpao=Moacr Moo ~ Dlpacr- My
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Skerapiivio redukavimas (amatiinos pakeiimas betonu)

A= oy Ay =6076% 10° - mm™

Suplefdiusio skerspilivio neutraliosios adies padétis (& gy pusiauswros Fo=Fs)

ooy D d | Ay [—017336348858682039113 '|
" T m‘-"""'lm:_"- 0.12476058875381967721 |

= (L12476058875381967721 - m

SuplkeEéjusio skerspilivio inercios momentas apie neutralis asi

b-xn'; (=) . o
L= —— +bom| = | +{on Aa)-(d-m)' = 7899 10 Y
Efekbywuss nercios momentas:

Moaar) | [ Maac 3
i I, = = EF L —1 |-
LMy ac |Mm..| e [l
finkis ki pleis&imo ;

k= % koncentruota apkrova apkrautai siai

. Mpac
PiaalMrser) = T————
m ACL " 5

Wracl Miao) =k praedMraes) L7

linkis nuo pleséjimo pradfios ki amuatinos eksjimo:

Mpac
poaciMpacl =————
Emact LiMpact)

wpact Moaci) = k- praciMpag)-L
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
200
180
160
140
120
100
80
60

LENKIMO MOMENTAS, kNm

40
20
o |
0 5 10 15 20 25 30
JLINKIS, mm

=20 % perdirbty uzpildy ~=——EC2 ACI-318

A.2. 6 pav. Lenkimo momento — jlinkio priklausomyb¢ pagal tyrima, EC2 ir ACI
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{Beken et al., 2010). Matavimas tenzodavikliais.
Vandens/cemento santykis 0.65. Perdirbto betono wipildy kiekis 50%

o 11€c 1) =1 —8168210.46 - £, oy~ + 3257136 - £ — 0.17 /MPa 1)
o alEep) = [[ —12070102.96 . £,y + 4925610 €.y ) — 1?.9:]5:& {12)
Deformaciy reikdmes:

Eepc =1 Ecl o= 0.00202 Eq o= 00025

o-¢ palyginimij grafikas
Matwrvisas terwod avihiss.
W saniylls 0.65. Peedithits betono alpildy ilekis - 50%

LR ||

B
=

B

Juitatijulin o, WG

1000
500

i
u 18] el (1.0015 ali o, L00E il ]
Detormacies € |

o Beiin = pl, 200) e Gradicn pagal [11] i (1] fDonukes

A.2.7 pav. ¢ — ¢ grafiky palyginimas
A.2. 3 lentelé. Deformacijy palyginimas

D frrmndd ]y palyginimmn

| Kylansiogratiko reikimes [ abscliuiofi

tempi Yt o inalus grafitas | Tendencijosliniia | _pakdaida |
A 0,00046 £,00045 (£,00001
o 000073 D,00074 noCOT |
Bl:r'- E 0110 Oonill EI:III:I'.I.

qu Seierdiante £ s e T

5% 0, 00241 000242 (1, D00
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Statinis momentas:

~Ecl Em
See= "':’cd":r.cll'" Egerdipe + [ loealepall - Eppadie g
el =
Failiros plotas:
-"El:l ..Em
A= Wocaleealldeeq + | I alEe )l de g
" Eglc - |
Sworio cenfras: Gauts rekimés:
Sec S =8828x 10 ° . N[Pa
(o A
£ -
= A =0059-MPa
Em~ Tk o
=—— Ve = 0001519
Equ

ke =10.393

Laikomosios galios apskaidiavimas:

o tempiy esantiy tempiu deformaciu grafiko svoro cenire apskaitisvimas

Oectlveel = || —8168210.46 - v .~ + 3257136 -3 — 017 ) /MPa
IJ'{_[]_' '_l'c_c:" ==, 33455 + :'I-H."‘E
2 o . ~
. B . Sija amuciama 4x$16 apatio
b=025m b= 0 5m dy = 0.035m
= 5000

L:=6m ka 0 Pa

o= 112 - £4,= 560 - MPa

!

Agq=B0x10 m

E, = 200GPa

By = +
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+  Betono vidufinis aniufdomasis stinrs:
fmi = 32.35MPa

Tamprumo moduls:
15 kylanCios tendencios lnjos Ssreiku deformacis tes 041,

| fm Y (f . R M ( 0.0035333294488022321092
'{l'_i.EJ: .—51'53_1'.}.46-[,:1_1 —}_:"1.35-EE]_1—|:|.1-_ some,Erp1

| 000045424635 202475531484

£ = Q0004342463520247393 1484

104 - £}
Foy = ———— = 28487 - GPa
CC
*  Meutrabosios adies padeties apskailiavimas
 oealveel Gautos rekdmes:
. AT o = 0.941
d=h-d;
d=0Him
— f_rm' Aq
i x=003m
*  Jegu pusiausvyra
Fo=ug fop box F.= 43024 - 1N
By Bl Fyp = 45024 kN

1:(_1'_;!;=|:"k_}'1

Laikomoi gakia:
Mg =0 -fgn-b-x- |d=—k-=l
Lenkimo momenitu pusiausywra

1Y = B . oy | R
M= O Ton =0 X % Me=10452 - K -m

:xIs}. = £_m-_-';_;1-1-1 M,..,_.=2:I-'J.3:'1"--L“J-m
Patikrinimas:

e — Mg =-189.805 - kKN - m

Mp = 180505 - KN -m
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FPlegaimo momentas

£.1IILK =212 :|:||:1 + | m” =306

fCtI'.‘Il:= fﬂ:l]‘.".ﬁ . Ih[Pa=3.06 - MPa

X

= mad| 16—
femu 1 m\{- 1000 -m

MNe. S LUViD pEamelral

knercios momentas:

ek

b-h
12

5 4
L= =26042 x 107 -em

Skerspiivio svoro ceniras
b

w=—=02m
.

Mesupkesajusio skerspiivio atsparumo momentas

W 2 o101 107
i

Pleisime momentas
Mon= fima- W=30984-1.m
Meom = fm- W=3L975-kN-m

[LINKIO SKAICIAVIMAS
Nosuplaiséjusios sijos finkis:

My=0kN-m  dMp=-

k= 2 koncentruota apkrova apkrautal siiai

Mg
Em- &

pribipl =
[tk

Mg = k- pMy) - L

| - S fogm | = 4.894 - MP=

1"\-[1:= }'IG'E‘[U + dl'!Ih[ﬂ-ﬁ
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Supleigéjusios sijos dinkis

Skerspiovio redukavings (armatiinos pakeiimas betonu)

1 S Td Ay —0.1661235517403 1644857 -| |—E_166 'I
—Axpnl - — = — =3 Y R =
2 T e B 27 anogesesTa0s0173s076 )\ 0121
mp=0121 - m
Suplegsusio skerspjivio inerciios momentas apie neutralia asi
b-:{]I:‘ uy '.‘ 5 =
Ip=———+boap| = | + o dg) (d-mp) = 740220 w”
SupleEsiugio shermpiivio kreivis:
. s -:kI!-—:'-[u-.ﬂ
My= Mp=189.905 - kN -m M= ———— =6946- K- m My = Mo, Mas + &1 My
M) =—
AL Em Im
Koeficientas werinanis apkrovimo fmikme: Paszkirstymno koeficentas:
g:=1 tumpakké apkrova !'.I.I_ﬂ':
Mg=1-8 |
Lo Mg My

Vidutinis kreivis

Mg

Myl =

B ey
ool Wl = Mgl ol My} = pg Mgl
ol My} = &g My - ag Mp) + {1 - ¢gMp)) - oy Mg i My = k- af M) - L°
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PALYGINIMAS SU EC2 NETIESINE PRIKLAUSOMYBE:

Deformacios: e O
1= &.7.| ] g . ) Eaul — £cl
Ecpc = 0000 & | MPa | Egl = 00035 degg=—"
) e o 10
10
€= Elir:Eclie + EEcc-- Ecl Eqn = Ecl:Ecl + dEm- Eul
Tamprumo moduls:
o3
gy [ Fam ) s
Emm;__--,—J - GPz=31289 GPa
| 10MPa,
I iu-d iU kreives:
k=105 Empry - — =2.088
{ E [ &L ; 2]
[ s B [Eo
o g leg k'c_1_|§ |
o gl £ = . s /
¢ ey fom | = B .
| T+ ({k=2) -— ol
| ’ Eq L= — |
= Eel |
o-£ palyginimy grafikas
Matawimas tencodavikiiais.
W/'C santykis 065, Perdirbto betono ullpildy kiskis - S0%
35,00
10,00 ﬁ"ak
35,00 \
?\JU,LH'.I \\"\..
ér-.uu
20,00
%00
Q00
o ,0005 o001 L £, 0052 0, 0025 B.003 i1, 35 0004

Deefarmacijos € |-

o | Belin ot al,, 20100

= o (3rafiims pagad {11) ir{12) formailes

e £

A.2. 8 pav. ¢ — ¢ grafiko palyginimas su EC2
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el -1 Ecul 1
w2 %) ]
" £cl £c] | Bl | Ead
Spc= Im = Ecdec + fm EmpdEqy
- L Em
T (k=2Fa—| I+k-2).—
Ecl | Eq
"o “E01
I -4
Sec=16853x 10 -MPa
Unos plotas:
£l 5 rEul r 27
Er Er W Em i Emp i
k——|=| —-
. . a1 L Eax ) | £ Bl J
LT fm- | —————————|dec + - | ———— |dEm
Eg | 3 Em
L+k-1)-— | L+ (k=2 —
£el L fal |
"1 TEcl
A =10085-MPa
Sec
= — v = 0.00195766
Are
il — 3¢
= ———
Sl
Yempiai figlros svorio centre:
=i
ok [0
Ve £ Erl ._E(I j
A f = | — 5 |
Trye: el = 1on - Oyl ¥l = 32281 - MPa
F+ik—3)-—
Ecl
Oy Ve
o= — =598
fm
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+  Neuraliosios asies padéfies apskaifiavinas

Gautos rekimes:
d=h-d
000335 d=045m
Elim = ,
0.0035 + = Eiin = 0.556
1=
me = d- Epy
z:ﬁ=l}.34?m
_ Fm-Aa
o -Ep-b
x=00536m
JEQU pUSIaLSYYTA'
Fr=ty Bm- b % Fo=450.24 .14
1:5!. = F"_FEI].-:LS]
A Fop=43024 - kN
C = 32 h
* Lakomoli gala;

] = fm-bhex-id—-k-x
Mpegy=oc-fom-b-x-(d-k -3 Mpgca = 189.288 1 m

*  Momentu pusiEausvyia

M=o fp - box-l-x
Mo =1106%-kN-m
W= <Ay -d
= Mo, =200357T-KN -m
Pasifkrnimas:
M —-M,=-180288 -EN-m
Mpgra= 189288 m - kI

Ekapenmento ir EC2 lakomosios galios palyginimas
Mg =182503- kN - m
Mppm=18%288 - kN - m
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ILINKIO SKAICIAVIMAS

Mrpra = Mg Mp+ ddipoy. Mag

Kieivis:

k= i koncentructa apkrova apkrautsi siai
48

Mygra

prEciMigca) = ———
EmEca- I

finki=:
wrEcl Mrzc) = k- prece Mipca) - 17

Supleigdjusios sijos finkis

Skerspiivio redukavimas (amatiEnos pakeitimas betonu)

o

= — =§.392 Agg=ta- A =3139 % 107 - om

1 I {2 i d | Ag (—0.I5737219029264833980 | 0157
o T — = — —ugr |- . —_ =%
A e 2 Lo1essosinasTsoosars | | 0116
= 0.116-m
SupleEsinsio skempjivio inencios momentas apie neutralia asi
‘C'-Rn:‘ "“E:: . ! A '
IILB:]'= = +b oz I:,Tlr T g - Ay -2 — = =6868x 100 m
Supleieusio skerspiivio krenis:
My—Mgg
Mypca=Mppco =189288 kN - m ddgpm=———=>5606 . k- m
Mpper = Mg g, Mqa + dpec- Myem
Mpec
e Muecs = ———— —
Emecz- InEc2
Koehdentas veriinants apkrovimo rukme: Pasiskirstymo koeficientas:
A=1 trumpaike apkrova [ Mag ¥

':I[E::F—}::'IE_EE] =1 - E |
v Mpoeo
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Widutinis kreivis

. MpEca
freca Mgl =
Emrca &
ogecat Muecal = precel Mueca) omecy Mgl = preciMpec!

wpr| Mpem! = (el Mpeca! - oppealMpeea| + (1 - CpeesiMpecal ) - crpeal My pea)

limkis:

-

wpecy Mogra) = k- ogea Mppeal - L7

PALYGINIMAS SU ACE318M11

Ribiné gniuFdomoi betono deformaciia;

£ = 0.0023
Statinis momentas:
A5 Sy
S:.l: = I‘:rc cLI Cerl I Lol Ii’En:.lt:l B ':Uc.l:ll Ceet H - Eeez dc-r.r]
"Ere TEg
Figiiros plotas:
1 S
-_.LL: o “ I:‘:rc.-cllc:.-r]”i'itc.cl T [ |C"r.:._'-"E-:.£5|'-'EE:-::
“Eane “E
Sworio cenfras: Gautos rekdmeés:
See S =5928% 107 7 - MPa
W =
S i
fri . ~
A =005%. MPa
Eca =7
it TR Voo = 0001518
Een

k, =1.393
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Laikomosios galios apskaiCiavimas:

+  ltempiy esantiy pempiu deformaciu grafko Svono centre apskaiiavimas

o, v =1 818821046 .5, 7+ 3357136 . v, - 0.17 | IMPa o, ol 7o | = 30455 . MPa

Pieiggimo modulis (termpiamasis betono sfiprs)
f=£f, =3235-MMPa
=1 nomako svorio betonas

—

£ = 0.62-N- |
2 A M

-MPa =3.326- MPa

Tamprunmo modulis:
[ F

Eemac: = 4700 |
AT | MPa

-MMPa=26.731-GPa

+  MNeutraliosios ades padéfes apskaifiavimas

P — Gautos rekémes:
el er
R o, = 0.941
di=h—d
d=044m
=4 f_lm'-'lhl
e b x=0059m
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FEmo-f.-b-x F.=450.24 - KN
Fiy = fm - Au Fp=350.24 -1
F.—Fp=0.kN

*  Lakomoi galia:

Mpam=o -f-b-x-{d—-k -=x
+ | enkimo monenty pusausywia

M. = B R cm
M= o bz dyox M, =10452- K m

My = fm- Ay -d My = 200357 - 120 -m
Patikrinimas:

M, —M,=-182%04 .kN-m

Mgacr= 185904 - kN . m

Padygnimas:

Mp=185505-EN - m

Mpgey= 180288 . EN -m

Mg g = 189904 . N . m

Inercios momentas:

L=L=2604x10-cm'

Pligsiimo momentas

Meaq= Sk 367N

b3

|ki pleBdimo veikiantis kenkimao momentas:

}‘I:r..'tﬂ

2

}-'Iﬂ =0kN -m d‘?‘II_-lL_.[ —

Mpaey = Mg, My + dbl gor Mo gy

Muo pleBsimo ki amatinos ekéimo velkiants lenkimo momentas:

M, -}
Moo= My g =189904 BN . m  dMy,o = M7 Medet s 10 m

: 20

Mpag=Moac:-Moac + @l acg- My
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Skerspiivio redukavimas [amatinos

fimas betonu

=7 487 A
= =7.482 Aag
Sam ACT

AT &
=g, - A =6015% 10 - oun

1, w2 (4 .'I Aa [ —0.172361510039567795 |

T ST, i —_

y v T YN T 5 7 o.104239s0232051035016
lm

£

=0:12423980252051033016 - m

Supleséisio skerspiivio inercios momentas apie neutrala a3

bxgz

2 i dlh

|_l||.'g

| #(6-a5) - @=n) <rmivie '’

m

Efekiywuss nercios momentas:

. ACT '5 M ACT ':;
LMpac)= | —— | -+ i s

Mpacr | |_ Myacr |

Iinkis iki pleiSéimo -

koncentruota apkrova apkrautai siai
45

Miac
practMrac) = 7

e ACT I;

wiacd Miact! = b praclMpag)-L7

Jinkis nuo pleEéjimo pradfios ki amatinos ekéjimo:

LX)
M aer
pract Mg actl =

Ecmacr - LMz acrl

wrach Mpacs) =k ppacdMpacg- L
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
200
180
160
140
120

100

LENKIMO MOMENTAS, kNm
NGO~ O ®
© © © o

o

0 5 10 15 20 25 30
JLINKIS, mm

=50 % perdirbty uzpildy  ==——EC2 ACI-318

A.2. 9 pav. Lenkimo momento — jlinkio priklausomyb¢ pagal tyrima, EC2 ir ACI
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(Beken et al., 2010). Matavimas tenzodavikliais.

Vandensicemento santykis 0.65, Perdirbto betono wipildy kiekis 100%%

occllEca ) = || 662189227 - ece” + 2822747 - £l i ﬂ.ﬂl]h-fPa

OeerlEeca) = || 683673564 - £ 0 + 31259806, ) — S."'li]}.IPa
Defomaciu rekémés:

Ecge =10 Ecp =0.00218 Eqy = 000275

a-£ palyginimy grafikas
Wi tenrod aviklisis
W/ amstykia 055, Pendirbin betono elpiidy kiekh - 100%

u 000 .0 Q0035

alult 10035
Dedrernaciios £ 15

| Bl = 2l 3000)

= ==l pagl 1] r|34) formues

A.2. 10 pav. ¢ — ¢ grafiky palyginimas

A.2. 4 lentelé. Deformacijy palyginimas

e
ary {0, a0 [ R0 ai ] L, D
Be 00078 [alln 0 ] {1, D000
i N 1E 000118 Lo DO
iy ¢ _m""“mf i ol "___‘wl st :w.."“.
=

LO0TTS QO0TT

L DGDED
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Sistine momentas:

=l o
N (ol Ceerh) - Eep iy + [ loealBeaall - Cepndic
“Elic “Ed
rEcl rEm
Apg = Hoealecal) dege + locerl€ecal) decen
“Edlc " Erl
Sworio centras: Gauins rekimes:
o See S.c=1019% 107 1. Mps
- A
S .
A_.=0.061-MPa
Em — %
= o L Yoo = 0001666
Em
k=034

Laikomosios galios apskaiciavimas:

+ |tempiy esanéiy fempiy deformaciy grafio svono cenire apskaiiavimas

o ellyec) = ['. 661183227 v + 2827747 v,

=  Sios geomelrios T anmavimo parameirac
b= 0.25m =0 m
L:=6m

= 0.01 [MPs
OccllVee) = 28,637 - MPa
Sija armucjama 41416 apacioje
dy = 0.057m
fyg = F00MFa
£ =112 £, =360 MPa

2 E,

o -

Age=80dx 10 Y
E; = 200GPa
By = +
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+  Betono vidutinis aniufdomasis stiors:
f = 30.13MP3

Tamprunes moduls:

15 kylanios tendencios [njos Esreikiu deformaci ties 04,

[ 0.0037802885766560847387
 0LO00481 TAI 230960462 30606

|{I.-l = | =|{ 662189227 £ 1 + 2822747 cﬂ_;:'—a.ﬂl] solve, £ —
I a/ o

Eg = 0.000481761230960462 30605

(04- £
Ey= —— =25017- GPa
5{
*  Neutabosios aSies padeties apskaiavimas
aeifess) Gautos rekimes:
e o =095
d=h-d
d=0Him
_ fp:l:'-"*-sl
._E.C'ﬂ:ﬂﬁ'b x=00603m
*  Jegy pusiausvyra
Fo=op fy box Fo=450.24 - kN
Fy = fm A Fyy=450.24- kN

Lakomoi galia:
Mp=op-foq-b-x- |d =Tk -xl

Lenkimo momentu pusial

Mo o Do e M, =11163- ¥ -m

!-.-IEF = f!.m ~Ag-d Ms}.= 0357 - -m
Patirinimas:
M- M.;F=—159.194 -EM - m

Mp=182194 - kN -m
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foms = :.1:-.';.1[1 Tl-%ﬂﬂm

fom = famy - 1MPa = 2046 MPa

% -
- Lo B = 4712 - MPa
1000 m | form rclm_.

MNesupkeEsiusi LviD parametra

16042 % 10 - om”

12

Skerspiivio svoro ceniras
b

w=—=0215m

MesupkEdjusio skerspivio atsparumo momentas

II T 3
Wi=—=10M2x10 - pm
hi

Pasica
My go= fumg- W=49.082 . kN .m

Muom = fom- W=30686-kN-m

ILINKIO SKAICIAVIMAS
Nesuploigéjusios sijos jlinkis:
Maa

:'-ID =0kN-m &_’kII = " }EI = j‘-[ﬂl‘iu - dl"\-II
Kreivis:
k= i koncentructa apkrova apkrautai sigi

48

My

pri M) ==
[Emkis

wiMy) = k- pddgy) 17

Mag
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Supleigéiusios sios finkis

Skerspiivio redukavimas (armatinos pakeiimas betonu)

E

=7.995 Apy = A =6428% 107 mm™

i0 neutrainsios adies padéts (i ¢

1 i B \ Ag [ 012772901341170634625 \ [ 0128
—-l=m) = — = —m | - — s = |
2 Im | lm 11:..1: =0 1791509888 1060600440 | —:179 J
p=0128 - m
SupleBéusio skerspjlihvio inercios momentas apie neutralia asj
B };_HE b |; - =
= ——— + b | — | = (o Aa) - (d-an” =8207x 10 0
Suplegaisio sherspilio kreiis:
) My—Maa )
My=Mp=189.194 . KN -m A= ———— =7.006- W m My = Mg Maa + dMp. My
My
po Bigl = —
) Em-In
Foeficientas perinants apkrowvimo fukme: Passkirstymo koeficentas:
fG=1 tumpakke apkrova : (Mg 1
Mm=1-8|—
| ¥y
‘idufinis kreivis
My
i Bdgi =
Em k|
g My = pel Mg agi M) = pgf Mt
ol My} = &gl My - o My) + (1 - ¢ Mg ) - ag My wiMp) = k- of Myl - L°
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+«  PAIYGINIMAS SU EC2 HETIESINE PRIKLAUSOMYEE:

Deformacios: (i 031 z
=0.7. 1077 Ecl Equl —£cl
Eepe = 0000 Bl B | o U L T i £y =D0035 deg=—
3 ; 10 10
E¢ = Eqic:Eche + e~ Bl Em = Ecl,Ecl + dEq-- Eqil
Tamprurmo modulis:
¢ Ill:u.:-
=212 -GPa=30.628 . GPa
FamEC2 | 10MPa |
ltempiu-deformaciy kreives
Eq
k=105 Enpoy- — =2.147
[ e e\ e |
i [  fa_(ca’]
Pl | € lea “ta lea
meeelEd = gy | e

Ty Sl = -

._.
i
=
|
I
-
i
&

I

=2 1+k-2). —
]'— % £n
o-& palyginimy grafikas
Mstavimas L=htodiklis
W€ santykls 0,55, Perdirbto betomo ulpildy kieks - 100%
5,00

&

=3

3

E

] el 1LY WLl el G L oo 0os LK 0,005 2,004

Delormoeijos £ |-

e {Bekén ot @l 3010) = e o= Corafiies pagal [13) o {14 fomules  — |

A.2. 11 pav. ¢ — ¢ grafiko palyginimas su EC2
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el - Ecul

A .__Ifm|
£l Ecl ) r:ﬂ
See = fm |- Ecdec+ fm EandEc
I+ {k—2)-— | 14 Ek=2)
Efl | fs ]
i "
%

5, c=1542x 107 " MPa

Oros plotas:
£l 3 sEul X
L= Er | Em | Eon
k-—— fo— i
. cl £ S
T I cT fom - | dEoy
Eg o
I+ (k- — 1+ik=1 . —
E‘:l L 'EE!
2 &l
A, =0.072-hFa
Fradms svorio centras:
3ec :
= = 000154403
[
S 4
Col — ¥
s
Eml
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tempiai figiros svono centre:

E
SO A 2 B
k PRy R
a5 2 a1 | o
Ty ¥ie! = T - = Ot vl = 301 - MPa
T4{k-2). — '
£rl
Feyel el

o= —C =999
fm

Neutraliosios asies padefies apshaitiavimas Gk
d=h-d
0.0035 gD
fim=————
0.0035 + 1= £ = 0.556
2
X = d- Epm -
.':E=I3.24.'m
) f}m' As)
ﬁc'ﬁ:ﬂ'b
z=006m
] . ;
fl:'_= E[c.ﬁ:m..h.:{ F|:=4:T'DJ-‘-L\':
fs} = -'}'m =
Fof-0 1N Fop= 4302410

Lakomod galia:

X = fm-box- {d—

Mpecai= o fom- b x- (d — k- x) Mpgca= 188381 1 m
Momentu pusEuswyra

M=t fp-b-x-k -z

M= B Ay -2

M.=115876-kM-m
M= 200357 - EN -m
Pasifkrmimas:
B - My =-1583581 -EN - m
Mpem=18838lm- kN

Ekspermento ir EC2 lakomosios galios palyginimas
Mg =182194 . kKN -m
Mppm=18838]1 -k - m
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ILIMECIO SHAICIAVIMAS

Maa
Mp=0EN-m ddfpm = _lc: Migm =My Mp+ dMipm . Mag
=y

ki= % koncentruota apkrova apkrautai siai

Mrpca
preci Mgl = ———
" EmEec-I
Jinkis:

-

wipcs Mreca) =% - precal Mygca) - L

Supleigdiusios sijos jlinkis

Skerspiivio redukavimas (amatiiros pakeiimas betonu)

&

oy

= =633 Ag = Ag=325% 10 - mm

i0 neutrahosios aiies padéts (5§

) T | Ag —0.15931577101978383517 ) -4

138

1
—zg -— -] — —-= 8 — =1}
5 Sl T % S 2 gnimisasszoessases )L oai7 )

2gp=0.117-m

SuplkeEdiusio skerspiivio ingrcicos momentas apis neutralia asi

b- - l_.u_ - —_
Ijgm = I}fﬂ —b-m-{j} +log-Agl-|d—=g)” =6983x 10 tal

. . . My —=Dga )
Mypra=Mppco=1883E1 - kN - m dAIgEr = e 1006 -EN -m

Mpec = Mad Mqaa + ddzem .- MyEo

Mprcz

poecalMuoec)l = ————————
EemEca - IDEC

Kpeficentas pertinantis apkrovimo frukme: icki koeficientas:
B:=1 trumpakEke apkrova
Cﬂm‘l}.lnml =1-4-
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Vidutinis kreivis

) Mpec
precai Mo el =
Emecy-I
oreci Moo} = precl Muoec)

apcl Mpoec) = G Mpeo) - em e Muecal + {1 — SoeciMoen)) - erecal M eca)

linkis:

waEcHMoem) = k- opmiMpgem)- L

PALYGINIMAS SUACEI18MA1

Ribiné gniuzdomoid betono deformacia;

£, = 000275

o peal M ecat = poecsl Moec)

Fel rEim
E':.l.' = [ I':rc.cll Seel iR el l:|"":|:.|:1 2 I i"_‘rc.l:ll Seet I Ceer dcc.:l
" B "€l
Figiiros plotas:
rEel fru
-'j‘:.r = | h:rc .cll G:.:] I "_:Ec.cl 3 Iﬂ-:.::' Ec.:l " I dE:.cI
“Ee 5 Sl
Sworio centras: Gautos rekimes:
-4
_ et 5., =1019% 10 . MPs
Yo 57
“tre
A =0061.MPa
Eca — ¥k
ko= v = 0001668
EI.'II

k =0394
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Laikomosios galins apskaidiavimas:

Itempiu esantiu fempiu deformaciu grafko svoro centre spskaiCiavimas
Ty )= [!, _G601892.07 -y, + 2820747 .5, } - n.nl:lma ol

PeiEéimo modulls (tempiamass betono sfiphs)

£o=f,=3013 MP:

» =1 nomahojo svorio betonas

—

=082-x- |
& 4 LiPa

MPa =3.403- MPa

Tamprumeo modauls:

= |’ & L2257
Ecuiaer = 4700 oo -MPa = 25.799 - GPa

Meutrsliosios adies padéties apskaitiavimas

) =28636. MPa

o ylve.] Gautos rekimes:
N o, =095
d=h—d
d=0445m
o f_\.m A
TS A x=006m
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I F,=450.24.kN

By = B A Foy = 435024 -1N

Mpag=t £ b-x (d—k-x

Lenkimo moment pusiausywa
M=o -fg-b-x-k x
My =fm-A5-4d Ml
Palilkrnimas:

M, -M,=-180192-kN-m

Mz aep=182102 . EMN .- m

Pakyginimas:

Mp=182154 - kN -m

Mg ey =188381-EN-m

Mg acr=189.192 . 1N . m

Inercios momentas:

=h=2604% 107 e’
.
1
M_ o= & B=3545- 1N -m
k[

|ki pleEéimo veikianiis enkimo momentas;

[}
Moam
=

Z'!,j =0kN.-m d“"IL’LCI =

My aopi= My, My + dMy ey Mo agy

MNuo pleBéimo ki ammatlines tekéimo velkiants lenkimo momentas:

}"IT it }"I:r_lCI

M, =My g =189.192 1N m  dMguo= ™

= 7687 kN

Mpacr=Moacr Maaer = D acr- B
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M.=11163-EN-m

00357 - kN - m



Skerspiivio redukavinas (amatinos pakeiimas betonu)

o= =7752 A=Ay =6233% 107 mm”

A \ Ay 01261003580303746982
— o B + C —
2 Im LIm ) 1ol L—0.17396338138523710008 |

- (5} 3 _
s f— |+l Aa)- @ -l =801% 107 '

(Moac ) Moaa )
LM act) = | L+ 1—| "
1 MJIAC: ! 'KIE.H.C[ J

linkis ki pleiSéimo -
k= ﬁ koncentruota apkrova apkrautai siisi
Mpag

PraciMpaci =
an ACT I!:

wracd Myact) =k praglMpacl - 17

Jirkis nuo pleSéjime pradfios ki amatinos tekéima:

(Mg act) Muac
Acnmact! <= —— - - v
Frack LT

]

wpaciMuact) =k praciMpac) L
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
200
180
160
140
120

100

LENKIMO MOMENTAS, kNm
A O ©
o © ©

N
o

o

0 5 10 15 20 25 30
JLINKIS, mm

=100 % perdirbty uzpildy  ==—EC2 ACI-318

A.2. 12 pav. Lenkimo momento — jlinkio priklausomyb¢ pagal tyrimg, EC2 ir ACI
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Bendri rezultatai:

LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
200
180

[
H O
o O

120
100

[e]
o

60

LENKIMO MOMENTAS, kNm

40
20

o
[0,
=
o

15 20 25 30
JLINKIS, mm

=0 % perdirbty uzpildy 20 % perdirbty uzpildy
=50 % perdirbty uzpildy =100 % perdirbty uzpildy

A.2. 13 pav. Lenkimo momento — jlinkio priklausomybé¢ nuo perdirbty uzpildy kiekio

INERCIJOS MOMENTO- LENKIMO MOMENTO
PRIKLAUSOMYBE

300000

< 250000
€
o

& 200000
'_
z
w

2 150000
=
[%2]

S 100000
O
o
w

£ 50000

0

0 50 100 150 200
LENKIMO MOMENTAS,kNm
———0 % perdirbty uzpildy 20 % perdirbty uzpildy
50 % perdirbty uzpildy =100 % perdirbty uzpildy

A.2. 14 pav. Inercijos momento — lenkimo momento priklausomybé nuo perdirbty uzpildy kiekio
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{Belén et al., 2010). Matavimas poslinkio jutikiiais.
Vandensicemento santykis 0.65. Perdirbo betono uzpildy kiekis 0%

Jtemipiy formiulkes:

oealecal = [[ _11315625.95 - £p 01~ + 38280.79 - £ | — B.46178 MMPa

gealecal = | 2856672221 - gcpr” + TIET.1TI61T - geca+

Deformaciy rekEmeés:

Epc =10

Meripdal o, MPa
]

LK)

£¢p 1= 0.0017

£ =10

0033

o-£ palyginimy grafikas
Mativimas komparstodumd
VI santyhls OG5, Perdirbtn betona ulpldy kiekls - 0%

| Reldn ot ol J000)

Delormacgos & -]

27904 1MPa

= = Grafikas pagal {15 ir|146) formules

A.2. 15 pav. ¢ — ¢ grafiky palyginimas

A.2. 5 lentelé. Deformacijy palyginimas

Deformaciiy palyginimas
: . E o I.! ’ ‘ ;
4055 0.0004a0 D003 L0001
B D.00080 uoooe3 L0003
El% 0. D0rE0 U000 000005
llﬁrlﬂh'!i - 214 !.'T ii. - ll i ; ”|=F!!I.H
B D.00350 000352 000098
2% D.002E0 000332 0.00048
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Slatns momentas:

Ecl o
See= “ toeateea ! - Eear i + lopateeall - Eeeadice
" Egllc “Efl
Fgiiros plotas:
~Eel o
A= Hocaleea))ldecy + J locaatEca)) dEc e
“Edic £l
Sworio centras: Gautos rekinmes:
 Sec S =161%10 " MPa
e =y
e o <
A, =0085- MPa
Em — Y
R il i e = 0.001504
Cou
k. =0456
Laikomosios galios apekaiciavimas:
«  [tempiu esantiu tempiu deformaciu grafiko svono centre apskaifiavimas

ool vee) = E —11315625.25 - o + 3828079 - e | — I].-lvﬁl"'S:I}.[Fa

*  Sips geomeios I ammavimo parametira

Tl Vel = 31403 - MPa

Sija amuonjama 4x§16 apatice

b=025m k= 05m d; = 0.055m
[ = ém £ = S00MPa
fym = 112 - fig = 560 - MPa

Ago=B04x 10
E, = 20GPa

Lpgingr = +
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+  Betono vidutinis gniuFdomasis shors:
fn = 31.920Pa

«  Tamprumo modulis:
|5 kylanfios tendencips njos Bsreiliu deformacia ties 0,41

o4

| [I 1131567995 £ it = 3875079 | 0461'5] : Poisnltats
- =|1=113E362325 - + 3815079 - € — L 15 | zohve . E — |
IMPa) e ekl 1 | 0.00039072601438425138503

£p = 00003507 2601438425138303

(04: £)
Em=————=32678-GPa
EI'.
+  MNeutraliozios adies padétes apskaiiavimas
o etl ver| Gautos rekEmeés:
a frm o, = 0554
d=h-d
d=0H3m
— f}m'-""-;l
* S Em b = DS
»  JEOU DUSBUSYTE
Fomop-fg b-x Fo=430.24 . BN
Fy = G Ay Fyp =450.24 - kN
F{ T fg!_ = ':' + kN

* Laikomod gala:
Mp=op-fg-b-x-ld =k -x)
= | enkimo momentu pusiausvyra
Me=oc-fom: b-R:Keox Me=11774. KN -m
Mo=£,-4,-4 Mo =200357 - BN -m
Patikrinimas:
M- M=-183583 -k -m

Mg =158583 kN -m
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Ji = 26042 % 10° - cmm'
12

Skerspilivio svono cenfras

E:ﬂ'.'
3 L

Lh

W= m

MesupkSsjusio skersplivio atsparumo momentas

L) 73
W=—=102x 10 -mm
*

Plesimo momentas
Moa=foma- W=50623-E-m

Maem = g W=31649 kN m

ILINKIO SKAICIAVIMAS

MI = }'-I.;]:'-ID +- dI'II }'lﬂ'ﬂ

k= 4 koncentucta apkrova apkrautal sigai
48
{My) = :
R ik
[hmkas

wi M=k pdbMg) - L7
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Supleigéiusios sijos finkis

Skerapiivio redukavimas (armatiiros pakefimas etonu)

o= — =612 Agg=on Ag=4921% 107 - mm

i0 neutralinsios adies padéts (i €

1 + B fd Ag  (—0.15349450032427352640 I| i—ﬂ.l}i I|
—{mm| -— —| ——xm|-0s-—— 3 =
il aer AT T o2 L011412812192766474352 )~ | 0114 )
= 1114 m
SupleBaiusio skerspjiivio inerciios momentas apie neutralia as]
h-:qf :{‘r": 2 oo
=—— tba —| +los Ag) - (d-=nf = 6626« 107w
SupleBsusio sharspilivio krehis:
N ) My=Mag )
Myi=Mp=138583 - KN - m D= ———— =689 .. m Mpi= Mg Maa+ &n. My
. Mg

o Mgl =

Eu:m I]I
Koeficientas Merinaniis apkrovimo ukme: =k koeficientas:
F=1 tumpaake apkrova M &

b = 1-8 | —= |
i My

\idutinis kreivis

My
ot Mph =

Ew-Ir
o Myl = pp Mgl cegl M) == pg M)
of M) = G My - exgd Mg} + {1 = GfMy)) - e My wyl Mg} = k- o Mg/ - 17
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PALYGINIMAS SU EC2 NETIESINE PRIKLAUSOMYBE:

Deformacios: 031
oy | 23
Eppc 2= 0.000 Eq =107-] W10
clc cl | %P |
s
(ol 1'|:|

o= Cpe-Ceec T “Ecc- £

Tamprumo modulis:
¢ iy 12
Epmpey =22-| - FPa=31163-GPa
\ ID-I'.IPa.'l
i iy-det 21 hreivés:
£l
k=105 -Egqem-—=121
Em
i 4
e
]
£q1 LEf
T ECal £ :=£cm'l -
| ; Er
| 1+E=-2)-—
I Eq

5 - el — Ecl
El = 00035 deg= T
Em = Erl.Ec + dE'cuEm]_
Eam | B "1
ki——=]—1 |
£ L E€a

et Eq! =

E
T+ (k-2)-—
Ee1

o-g palyginimy grafikas
M atavimas poshinkly jutiklisls.
WVC santykis 0,65, Perdirbto betono ulpildy kiekis - 05%

15.00

30,64

1500

B
=
=

15,04

Itmmpdai o, MPg

0,00
4] HAL i 0002

000 o D 0. 00%

Deformaeijos & |-

w— (| Beiden ot 2l 2110

w= = Grafikes pagal {15] ir (16 fomules

e 1™

A.2. 15 pav. o — ¢ grafiko palyginimas su EC2
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Er] T Eaul =
E FCEY | E E L
D _':: | k__m_|_v:u
Cel Eel |/ el Ecd
Sec= fm '__ ~EgdEg+ o - EqpdEey
V=) | 1+ k-2): —
Eq | Ecl
- “&
G ety
See=163Tx 10 . MMPa
dnos plotas:
] . [Ecul r z
. W e s ':k_sﬂ_!"f_f“'_
Eqq | Eg a1\ Ba
T el fm deg + frm degy
E¢ Em
L ey s [1sk-n —
':clJ P Ec
"0 “Ecl
A, =0.084 -MFa
5
o= — v =0.00193507
g 4 3
Ecgl — ¥
k= ok
Caul
2
X[
R =) e B |
eyt ¥e! = I Tegelvel = 3186 MPa
I+{k-=2).—
£rl

o= — T 998
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« MNeufrgliosios asies padéfies apshaifiavimas

Gautos relksmes:
d=h-d
00033 gt
. fm
00035 + — £ = 0.536
= d- Ly
:E=I].l—1._-m
fim - Aa
T T FA
o iy b

x=H{53Tm

B o - b -2 Fo=450.24 KN

Fop =45024 . kN

Mppea=o-fp-b-x-(d -k x} Mppe=189.123 - KN -
+  Momentu pusisusvyrs
M=o -f-b-u-k-=

Moy = b~ Ay - d

Me=1123-kN-m
Mgy =200.357 - KN -m
Pasikrinimas:
M, — Mp=-189.123 - kN - m
Mpgry=188123 m- kN

Ekspermento ir EC2 kakomosios galios palyginimas
Mp=183.583 -EN - m
Mppm=180123 - kN - m
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ILIMKIO SKAICLAVIMAS
Nosupleigéiusios sijos ifinkis:

" L J n - EdlIﬂ = £ TH
Mp=0kN-m diigm = ? Migry = Mp Mg+ dipm. Mga

Krewis:

k= % koncentruota apkrova apkrautal siai

Mrpm
precal Mrpoa) = ———
Emrem- &
Jimkis:

wipcl Mgl = k- i:l_;'j(_"‘]': Mipml)-1L7

SupieiSéjusios sijos jlinkis

Skerspiivio redukavimas (amatiinos pakeidiimas betonu}

EmEc
Supleiusio skerspiiivio neufraiosios afies padéts (S Egu pusisusvyros Fe=Fs)

e = 6418 A= 05 A =316% 107 - mun”

1 2 d | A —0.15773599384562856724- ) [ —0.138)

3%
Ampf — = —ayy | o =, | =|
e | |- 0.11645638837637240458 | | 0116

,_.
i
B

o

Imx
xp= 0116 m

Supkeiéusio sherspilivio inercics momenias apie neulraia as

'i_-lu._': l_:l: 3 =
S 1?1 shoag| = |+ log- 4] (d-xg” = 6856 % 107’
it et il

My - Mgg

Mypca= MpEca=189.123 .kN. m dMpEC = ———— =683 kN-m

Mpeoy=Mza.Mas+ Ddoem. My

Mpers

preceMpEcal = ————
Emery Imem

Hoeboentas vertinants apkrovimo trukme: Pasiskirstymo koeficientas:
g=1 trumpaiake apkrova f Mg 2

ry

CrpciMppo)=1-8

\ Mo
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idutinis krelvis

MoEecs

Emrca- It

Precal I'!U.Eml =

orpcal Miecal = prec! Moeca) emeca Moecal = precaiMueca)
cpoy Mpee ! = Cpecal Mpeca| - epecal Mpeca) 1L - GpecyiMpeca!! - crpca M eco!
linkss:

el Mueml = k- ogol Mppal - L

PALYGINIMAS SU ACEI18M11

Ribiné gnuFdomoi betono deformacia;

Egn = 0.003
Siatinis momentas:
el ~Epn
SZ.I: = I':rc .cll '::.rl.l ) Seel Ii’E|:.|:1 ik J i':rc.cﬂl Ceer - e d'cn:.ﬂ
“Ebe £
Ec] Eg
"IL:I.' = I'i':'c.n:lll::.l:]”:'dEc.cl B2 | "-Tr.:'z'i.:.::""f':u:-
‘I‘:-:III C TE
Sworio centras: Gautos rekdmeés:
g o -4
o e Sec=1238x= 10 - NP3
..le ol A
e - &
A, =0074. 1MPa
Cow — ¥k 4
o= — .. =0.001708
CI.'II.

k= 0431
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Laikomosios galios apskaiciavimas:

*  ltempiu esandiy pempiu deformaciu grafko svoro cenfre apskaiciavimas

alv )= |_I ~11318625.25 .y, " + 3828079 . v, | - 0.46178 [MPa

Pleiggimo modulis (fempiamasis beiono stiphs)

L

£, =319 MPa

=1 nomalop svorio betonas
[ £
£i=0062-X- | -WPa =3303- MPa
J MPa

Tamprumo moduls:

i =
Emari= 4700 .||| "Pa

-hfPa = 26534 - GPa

*  Neutraliosios ages padéties apskaifiavimas

d=h-d,
_ f_'.m"'lLL]
G- - b
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ol ) = 31911 . 15

Gautos reksmés:

=1

x=003m



Fo=o £ -bix F,=450.24 . kN
Fop = fym - A Fop=450.24-kN
F.-F,=0-1N

Mpag=o-f -b-z-|d-k -=
Lenkime momentu pusiausvwa

M= e et o g 2= T
M=o da i ox M, = 10941 - K- m

M= £ Ay -d M, =20035T . 13- m
Patikrnimas:

M, - M, =-189.416 . kN . m

My acr=189.416 . K. m

Palyqinimas:

My = 188583 kN m

Mpgca=182.123 - BN -m

My acr=189.416 . 1N - m

Inercios momentas:

=L =2804%10° cm’

I
s

M g = bl st T om

¥

ki pleg&imo velkiantis kEnkimo momentas:

A
Mo ac

M, = 0kN -m Dhac= —

Mpag =My = dip gy Mo ag

Muo pleSéimo ki armatiines ekéimo velkiands lenkimo momentas:

AL - M
M, =My g = 189416 B -m  dMp o= ’—c“m = 7646 B m

Mpaer ™= My apr. Mo acr T g acr- M,
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Skerspiivio redukavimas (amatlings pakeiimas betonu

E, - .
532 Ay =0y Ay =6056% 107 - mm

\ Ay (01730331 2092048695757 )
Im \1 =7 1o | 0.12438836246301 183839
m

=g = 0.1245883654630I 183839 - m

SupleSsusio skerspiiivio inercios momentas apie neutrala adj

1] x3 [ -: 2 o
= 1"n Shozg | = | oy Ag) 4=zl = 7828 % 107 T’
Efekiywiuss nercios momentas:
Mo ¥ (M i}
e ACT e ACT
(Mg ac = L+l -] BE
LMgaal = | ==, [ ] %
Jinkis ki pleiSgimo |
L::=i koncentruota apkrova apkrautai siai
48
/ Myact
practMiac = ———
Er_'n_‘lE‘I'I5

wiact Mracr) =k praodMragl L

finkis nuo peSsimo pradios & amatinos ekéjimo:

:I‘IJI ACT

ey MR
Emact LWMpac!

wracd Mracy) = k- pracdMpac) L™
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
200
180
160
140
120

100

LENKIMO MOMENTAS, kNm
NGO~ O ®
© © © o

o

0 5 10 15 20 25 30
JLINKIS, mm

=0 % perdirbty uzpildy =——EC2 ACI-318

A.2. 16 pav. Lenkimo momento — jlinkio priklausomybé

195



(Belén et al., 2010). Matavimas poslinkio jutikliais.
Vandens/cemento santykis 0.65. Perdirbto betono Spildy kiekis 20%

ltempiy formulés:
Tl Eecl] = |:|, —8317973 182 . r:t_,:]: + 3218844 - £ :| + ﬂ.l-ticlﬁiIM'Pa {17
- T s i ) (18}
Tl €l =\ H21L - g pn” — 35386 - £ + 42364 [MPa
Defomaciy reikémés:
Epe =10 £ = 0.0019 £ = 00043
o-E palyginimy grafikas
M atavimas bomparstor lurml
VT asevbykis DUES. Purdirtits betone ubslidy kiskls - 20%
Bm
Eafiil
25 [
E pabi]
% 500
ilLi]
¥ i)
B
g [oa o0l aml 0.0 [2Ler

Delormadijas & |-
o (Feaddn o ol 2000) - w Giafe pagad {17] ir] 18 foomecles

A.2. 17 pav. ¢ — ¢ grafiky palyginimas
A.2. 6 lentelé. Deformacijy palyginimas

Deformaniyy palygnimaes
N | Orgrais grafins | Verderciosinis | patiad |
A 0, 00040 000044 D04
B 0.0 000073 000002
B amin L0010 o001
Eelimidtiantio graf ks hEmes pramET
i gk g | Teeciol ol | palkdkda
B 00430 000430 0000
B fLooain oL00308 000001
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Siafine momentas:

&l rEm
B = [ loectiEeerl) - B dEgn + loealecall Eeadeen
" Sl “Erl
Figdros plotas:
=] rEm
Apg= Hocalece ) degg + | lopplecalldeg
" &l " el
Swvorio centras: Gauins rekiméa:
i
o Sk See=2311% 107 - MPa
Neir: = a
e P
A =0101-MPa
€y — T,
k‘::=u ¥op = 0002287

k. = 0463

Laikomosios galios apskaidiavimas:

»  |temipiy esantiy tempiu deformaciy grafiko svono centre apskaitiavimas

Featlvee) = [I' ~§217979.162 - we o + 3218944 v | + :-_:43ﬂ5]1~.:pa

Sios geomemics T amiavimo parameirac

Sija amuciama 4x$16 apatioie
b= 0{1m h=05m dy = 0.055m

L i g = 5003 MPa
B = 112 - £5, =360 - MPa

-

Ag=804% 10 "m’
E: = 200GFa
Dpar = 4
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+  Betono vidutinis QI'I-I..'lEd-OI" Tasis Sprs:
fqn = 31.71MPa

« Tamprume moduls:
I5 kytantios tendencios Injos Ssireikiu deformacis ties 041,

fm | [ WA
i | —8217979.162 - £

) \ [ 0.00043474365795507485228
£ 3218944 g ) + 024306 | sokve £ = |

| 00348200560 28651 06016

|. 04

£c = (00043474365705507485128

(0.4: £)
Eem= ——— =29.176 . GPa
£
«  MNeulralosios adies padéties apskaifiavimas
i Tl ¥ee) — =
B a,=0974
d=h-d
d=0445m
= f_lm Ag
_Ufc'fnn'b z=0.058m
» gy pusiausiyra
Fo=opifg bz FE,=43024. kN
f_;:r_ = fm Ay 1:;}. =430.24 . kN
Fo—Fy=0-kN

Mp=or-fgm-b-x-ld—l-=x!
¢+ Lenkimo momenty pusiausyyra

i — = s 5 i o
o g R e M=12204 kN . m

Mg_.r..= £‘.m- Ag-d }al';f= 200357 - kN - m
Patirinimas:

M, — M, =-188.063 kN - m

Mg =188.063 - kI - m
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*  Pleisimo momentas

f Em 1

i = fam s IMPa=3.028 . MPa

fm_ﬂ:=m3’{:ll-ﬁ— - |fmn,fm:=4.343-’.'=]?a

1000 - m |
Inercios momentas:

bk
12

— 26042 % 10" - cm

II =

Skerspiivio svono centras
k

et gy 1, T
W= = =l m

MesupleBsjusio skerspiivio atsparemo momentas

W=—=1M2%10 -mm
Tt

Pleiiéima momentas
Meg= famg- W=50446 - LN-m

Merem = fom- W=31.538 kN -m

s JLINKIO SKACIAVIMAS

Nesuplaiséiusios sijos iinkis:
Meaa

:}‘[I} =0kN-m E‘II = 0 I‘-EI = :".I,J.E'LID T dl'i]: I\Iﬂ-ﬂ
Kremnis:
k= 4 koncentructa apkrova apkrautai siai

43

. My
PI'.}-iII =i

Em-I

Jimkis

wyi Myl = k- pMy) L7
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Suplaigéjusios sijos finkis

Skerspiivio redukavinas [armatiinos pakefimas betonu)

g = =@aB35 _1'-_qu=1_':.;-.—‘£51=5_',"11>&1|33-1:|.11:|1_
Em
i0 neutralosios adies padéts (IS Bou pusiauswyros Fo=Fs)
L oad (4 A (-D16384356401491596766 |—|}_1e‘.4 -|
—-l=mgl -— - =——x i - % - =
3 I Im Y1lm A Im: L 0119751248846 71216305 | 012
mp=0.12-m

SupkBsiusio skerspjivio inercios momentas apie neutralia a3

b 'X’]:[-‘ ¥ |~ - =
In= = +b-xm- = —'iui-_-'-ill |&—x;1!'_= 7261 = 10
SupleEsusio sherspiivio kreivis:
by
My =Mp=138063 -kN-m A= 3
MMy
po Bigl =
En:m I]I
Hosicientas pertnantis apkrovimo fukme:
G=1 tumpaake apkrova
Vidutinis krehvis
I‘-!E
pri Mph = —
Em-I

o My = pd Mgl ol Mg} = prl M)

of Ml = £ Myl - og Myl + (1 — &g Myl | - og Byl

By — M
'Tﬂ=ﬁ.351-m m

14
m

My = Man M+ &n My

Pasekirstymio koeficientas:
. Maa |
Mm=1-8-|——

£ 2 < | i |
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PALYGINIMAS 50U EC2 NETIESINE PRIKLAUSOMYBE:

Deformacios: 051

| fm
Eclhe = 0.000 Eqyi= 07 - |

| hPa /

-10

Ec ™= Eclic. Cclie + dEcc - Eel

Tamprumo modufs:

P K]
| o |
Empm =22 -GPa=31102-GPa
| 100Pa |
Itempiu-deformaciu kreives:
cl

| E. | E
bl
oepcal€c) = o | —— E c.l
r C
[+ k-2). =
Eqg

o-£ palyginimy grafikas
Matavimas poslinkly jutikiais.

Eqgl = 0.0033 dem =

Een = Ecl.Eci + .. Ecul

ra

VT smntylis 065, Perdirbtn betone ulplidy kekis - 20%

5,00

0o 4

[temgpdal a, MPa
B = =]
= = =

B

o
=

il 0,001 0,00

0,003

Dedorrmacijos & |-|

o [Beldn of gl X

= e w Brafibas pagal {17) ir { 16} formules

E [
o @
k.__|_
Ecl- | EA
L (k—3) . —
Erl
a.00d 3,005
—r

A.2. 18 pav. o — ¢ grafiko palyginimas su EC2
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FEel
P O i i
E¢l Ee1 )
E'|:.l: = £CIII
1+{k=2) P
Ec1
; iy .
See=L623x 10 . hWPa
aros 5
~Ecl .
e | Eci Y
. . Eel £
S S fp -
Ec
1+ (’k_ 1_.' Rz
£e1
"
A, =0085 - MPa
Sec ) _
T v = 0.0019338
et
Eaul ~ ¥
K=
Sl

¥ Yo |
k a1 \ea -‘
Ol = £ B | Ea
oy ! -
b+ l:k = l:l —_
£r1
':'L-_u-ﬁ}'t'l
o= =
i

" Ecl

Sl :
Cen Eoa -
26
=4 Ecl
- _
1+|:3L—1| ;.!
Egj
el
|, Ea [Ea)
.i-—_r
=
2 T
fcm'i S
m
|1+ k-2 —
=
L2 |

Oyl vol =31.654- MPa
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+ Meulraliosios aSies padéfies apskaitiavimas

Gautos rekames:
d=h-d
0.0035 =04
Elim 1= =
0.0035 + = Eppm = 0556
E;
me = d- Epy
=04Tm
f fE\rnl'-‘l"'—:-i
O fm- b
x=0.03Tm
- :
Fimo fm-b-x F,=45024-kN
Foy= £ Aq
o — 503 -'-“:
ft—f53.=ﬂ e '.F;} 435024 - k2

+ Lakomol gala:

Mpec = oc-fom-b-x-id -~k - =) My gy = 189.04 - kN m

+  Momeniu pusiEausnia
M=o i b-x-k-=
M:=11317 kN i
M= Aged
v el Mey= 200357 - KN -m
Me — My =—189.04- KN - m
Mg pea = 189.04m - kN

Ekspermento ir EC2 lakomosies galios palyginimas
Mg = 188063 - EN - m
Mpgm = 18904 - k- m
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ILINKIO SHACIAVIMAS

Maa
My=0kN.-m dMypoy= ; Mipm = My Mg+ Miea Mo g

Krens:
k= i koncentruota apkrova apkrautai sigai
EL
i Mrgc
Prect Mrecal = ——— —
Emez-&
limkis:

wipcH Migca) =% - precal Migca) - ]'_:

Supiaigéiusios sijos flinkis

Skerspiivio redukavimas (ammatiinos pakeiimas betonu)

- — 6431 R . |
Emzo Ileq

1 S b fa | Ag -—0.15'-'91:2?9—!—15190134'—29: r-—[l.l:'E
Lo} T — = — =z g - — =1
2 L Im | lm T]H- = lm: VO GUELASSHe611453656347 ) L K1Y
xg=0117-m
Supleiéusio sherspiivio inercios momentas apie neuiralia asi
::"J\- 3 '-h : ¥ o
g = 1?1 boag| = |+ fog- A (- xgf = 6897 % 107 Y ud?
SupleiEsiusio skerspilivio krefs:
M, - Mg
Mygca= Mpgo = 189.04 KN m Aipe = —&E =688l K- m
Mpera = Mag. Mqas + ddoec.. Mypm
Mpeca
e Mppm) = ———————
Emery -Imem
Koeficentas perinants apkrovimo trukme: Pasiskirstymo kosficientas:
g:=1 trumpakake apkrova . { Mg

CoecMppenl=1-8-

\ Mppc
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idutinis kreivis

Mpgera
preciMpem) = ———
Emeca- It
ogecat Moeca) = precel Mueca! opc Mecs! = precd Moeca|

ol Mprcl = Grecd Muec) - e Muec) + {1 — CpecMuen) | - crpci Mo e

finkis:

T‘umllim's =% trpral }.iﬂml L™

PALYGIMNIMAS SU ACE318M11

Ribing gniuZdomei betono deformacia;

Eq = 0.003
Statinis momentas:
=] e
5.:.r = I':'_c_cl.l Eeel H- el Ii’E|:.|:1 T l:":rn:.l:ll e - Eeex dEI:.L":
" Tl
~Ee1 S
" T I k| a { ¥
e T l III:'-:-clll:u:.-l.']I“""f:-:.v:l | IUI:I:‘I"":-:.I:EEI‘]'ELC..‘-.
e “E
Svorio cenfras: Gautos refkdmes:;
-4
S S, =1249x 10 " . MPa
For =
T " .
A =0.071.MPa
Eca — Yox
=— op = 0.001742
EI.'II

k = 0419
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Laitkomosios galios apskaiciavimas:

+  |tempiy esantiy fempiu deformaciu grafko svorno centre apskaiCiavimas

ol )= |_I ~§217979.162 -y~ + 32189.44 . v, _| + 0.24306 [\Pa

Pleiéimo modulis (fenmpiamasis betono sfipis)

£=f, =371 MPa

=1 nomakop svoro betonas

.
£:= 062X |

-WPa=349]1- MPa
MPa

Tamprumo moduls:
[
Ermari =47H o | e

d;- a

-h[Pa = 26466 - GFa

Meutralinsios adies padéties apskaifiavimas

el Yer
I:L_-=
fm
d=h-d
. f_\m |
O B b
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a, = 0.99



U =[]

Fo=o, £, b= F,=45024 . kN

©

F,=fu-4a Foy = 45024 - kN

F.-F,=0-kN

Lakomoj galia:
Mg gq=o - -b-x-|d-k -=)

Lenkimo momeniu pusiausyvyra

M=o fm-brxokeox M, =10.84:kN-m

My=fg-4-d M, =200357- kM- m
M, - M, =-189.517 - kN-m

Mpac=182517 - K. m

Palygnimas:

My = 185,063 - kN - m

Mg oy =189.04 - kN -m

My 4o = 189,517 KN . m

Inercios momentas:

L=h=2604% 10 - cu’

Pleissimo

£k

M, aep = = 36,368 - K- m

|k pleBdimo velkiantis Enkimo momentss:

Moac

M, = 0kN .- m Ay aey=—
20

Myacr = By My + &y aey M aer

Muo pleBéimo ki armatinos ekéimo velkiants lenkimo momentas:

My =M g
20

=T657 - kN - m

M, =Mg o =189517 kN-m  dMppq=

Mpacr™= Mapacr- Mo acr = Dl aer- M
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Skerspiivio redukavimag (amatiinos pakefimas betonu)

A=Ay = 6076 % 107 mm

Supleaiusio skersnilvio neutraiosios adies padéts (i Bou pusisuswros Fo=Fa)

-

Ay [—0.17336548858682039113 |
—*
Il & 0.12476058875381967721 !

%)

Pt |

b { d \
e i £ e T

Im | lm I
g =0.1247T60588 75381967721 . m

SupleEsusio skerspilivie nercics momentas apie neutralia asi

b-xg {xg '\~ -
I = : thomg = | + oy Ay (d—xgf = 7889 107 *u
Efekbyvuss nercaos momentas:

Moker) ’7 M)
(M aer) = e 17 | { 1
LiMm act T | L+ | TE L

Tinkis iki pleiS&imo :

k=— koncentruota apkrova aphkrautai sk
48
; Mrae
pracidlracy = :
~m ACL™ =

=

wracd Mpacrh = k- pracMracrl - L7

finkis nuo pleS&jime pradZios & ammaliroes ekejimo;

M
Mpac
practiMpac!l = ——————
B - WMpacrl

woach Moact) =k ppaciMpag!- L
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
200
180
160
140
120
100
80
60

LENKIMO MOMENTAS, kNm

40
20
o |
0 5 10 15 20 25 30
JLINKIS, mm

=20 % perdirbty uzpildy ~=——EC2 ACI-318

A.2. 19 pav. Lenkimo momento — jlinkio priklausomybé¢ pagal tyrima, EC2 ir ACI
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(Belén et al., 2010). Matavimas posiinkio jutikliais.
Vandens/cemento santykis 0.65. Perdirbto betono wipildy kiekis 50%

mealeea) = [I —8383817,725 - £ca” + 3283947 - gcp) + :3.14?9]:@3

i5m

i
= =

I~
E

Iers s e, WA Pa

10,03

| B et i, T

Eqm = 00042

o-¢ palyginimy grafikas
Watmlmas kompasstnriuml.
T samtyki (L85, Perdibto bebone ubsildy Wiekis - 50%

i D00

L a0

Debrsivresacs i & |-

= e n Grafias pagal (E9 ir |1 formubes

A.2. 20 pav. o — ¢ grafiky palyginimas

A.2. 7 lentelé. Deformacijy palyginimas

Deformacijq palygimas
i Kylantio grafiko refkimas Absoliutiol
aiintad Driginaius grofibss | Tendenciorins | peldaids
S0 OO0 00004 0.00004
L 0.00070 000072 0.00002
BB 0u001I0 0.00109 0.00001
MemplWe® | Orpnahsgrfkes | Tendenclosinjs | pekiaids
R AR ] 0.00420 0. 00000
Bl OUD02E0 0.G02e0 0. 00000
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=i

Ecl
Sec= [ L U R B e [ loealEeall - EepndEe

" Eclic |
dros plotas:
rEcl ~Epy
'jll:.c = K| Gc.c'iffi:,ﬂ !I!l | dEI:.I:]. + | D_I:.le.c:d,‘.l dfl:.ﬂ
Edlc b EI:].
Swvono ceniras: Cautos rekEmes
5.:.: E_l:r =121 = 10 WPa
¥oe =T
e
A_=0099-MPa
E b
k= —— viee = 0.002229
Em

k. = 0468

Laikomosios galios spskaidiavimas:

*  ltempiy esandiy tempiy deformaciu grafiko svorio centre apskaifiavimas
- _ 5
Oectl¥eel = ['. —8383817.725 .y + 32839473} + ﬂ_j_l_?gjh[pa
ol ¥ee) = 31794 - MPa
o — . Sijs amnucjama dx 16 apatioie
R
b= 025m hi=05m dp = 0.050m
L= ém *}k:= S00MPa
fym = L12- £5 =560 - hPa
Ag=804x 107 'm’
E, = 200GPa
B = 4
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=i

Ecl
Sec= [ L U R B e [ loealEeall - EepndEe

" Eclic |
dros plotas:
rEcl ~Epy
'jll:.c = K| Gc.c'iffi:,ﬂ !I!l | dEI:.I:]. + | D_I:.le.c:d,‘.l dfl:.ﬂ
Edlc b EI:].
Swvono ceniras: Cautos rekEmes
5.:.: E_l:r =121 = 10 WPa
¥oe =T
e
A_=0099-MPa
E b
k= —— viee = 0.002229
Em

k. = 0468

Laikomosios galios spskaidiavimas:

*  ltempiy esandiy tempiy deformaciu grafiko svorio centre apskaifiavimas
- _ 5
Oectl¥eel = ['. —8383817.725 .y + 32839473} + ﬂ_j_l_?gjh[pa
ol ¥ee) = 31794 - MPa
o — . Sijs amnucjama dx 16 apatioie
R
b= 025m hi=05m dp = 0.050m
L= ém *}k:= S00MPa
fym = L12- £5 =560 - hPa
Ag=804x 107 'm’
E, = 200GPa
B = 4
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«  Betono vidutinis gniugdomasis stiors:

fm = 32.35MPa

+  Tamprumo moduls:
15 kylantios tendenciios Injos BsireBkiu deformacia tes 0410

( 0.00043474003398798 196473

frm { 2 \
| 04— | =|:|. —B3BIR1TT2 - ey +32BI0AT - B [+ 024 -'5'] solve E.p —
_ = | 3 - d 0003482 2666421 083784198

15 Pz
£ = 0.000434740033087951 %0475

(04 £
B % nngec:
£

+  MNeutrabosios afies padéties anskaidiavimas

_ e il ¥ec) Gautos rekames;
fom o, = 0583
d=h-d;
d=0H5m
e £_tm'-'l5'-s1
" o -£m-b x=005Tm
. .Jgg' IEE. LISvyTa
IC:=U'E'fCEI1 b-x 1'_|:=-1-i|:|:-1-k_1\|-
Ey=fm Ag Fop=45024 . kN

Fe-Fyp=0-kN

* Lakomol galia:
Mp=o;-fm-b-x (d-k-=

* | enkimo momeniu pusiausnTa

[V e kg o
e i S R Mc=1197.kN-m

M= B Agid My =200.357 - EN-m

Fatikrinimas:
M- }Ii_.,.= ~188.3856 - kN - m

My =158386 -k -m
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PleEaimo momentas

)
frmy = 2.12.':.1[1 —|mﬂ=s_n€

fom = famy - 1MPa =306 . MPa

{7 w16 — |- £ | = 4894 - MP

1000 - m
Ne: Eciusio sk LVE metrai
Inerciice momentas:
g hi—_f“ — 260425 10" - can”
Skerepiivio svorio centras
W= % =02 m

MesupkEsjusio skerspivio atsparimo momentas

b
Wi=—=1042x 10" - mm"
»

Pleisdimo momentas
Meg= foma- W=50884-1N-m

Momm=fm W=31875 B - m

[LINKIO SKACIAVIMAS
Nosupleiséiusios sijos iinkis:

Masa
My=06N.m  dMp= % M= Mg, Mg+ dMp. M 5

k= = koncentruota aplrova apkrautai siai

48
My
prild) ==
-
[hmkis

wiMp =k pidgy) L7
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Suplsigdfusios sios finkis

Skerspiivio redukavimas (armatinos pakeiimas betonu)

Es " 5
o= =£718 Agi= - Ay =5402% 107 . mm™

En

in neutrainsios afies padéts (& E

1 i oo fa Ag —016196342662656420407 I| | —0.162 I|
Sy | V| — — — =y o= =
e =R - 1 g11s7ad47s74057Ia8503 | | 011s
zg= 0119 m
Supleiéjusio skerspiivio nerciios momentas apie neutralia asj

b :c]:[E (% T 5 -
Im= = -!-'a-xg[-l = |+l Ag)-ld-—=g” =7.146= 10 4:114
SupkeEsiusio skerspilivio kreivis:

My— Mg
My=1Mp=138386 1 . m dp= ———— =687k -m Mp=Mgg.Mag+ dMg. My
i 0 i
My
Mgl =
i P
Koeficientas perinanis im0 trukme: Paszmski koefcientas:
G=1 tumpakke apkrova Mas 2
(oMp)=1-8 | —
| My
\idufinis kreihes
Mg
pr Mp) =
Enm E

L‘ql}-[]ll = pﬁ }.I]T_I LlEi}Iﬂ,' = |_|]iI‘\-.{|l"
o My} = g Mp) - e Mq) + (1 - ¢ Myl ) - g M) wri My = k- afMg) - L°
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*  PALYGINIMAS 5U EC2 NETIESINE PRIKLAUSOMYBE:

Deformacios: Cpo I
Ecgc = 0.000 e '}'T"Hp | € Ecil ~ €
=0 \ MPa dece=—o Gl = 00035 deg=———

¢ = Echc-Ecle + EEce - Erl Eoa = Ecl.Ecl + oy Ecul

03
'
Enpry = 22| -4zPa=31.25% - GPa
| 10MMPa
Hempiu-defommaciy kreives
Ecj
k=105 .Eqngry - — = 2.08%

L P Sm Sm
(6 = |\ “ea lea) |
FeRz\Sel = { { e
fe_1=£_.
l]__ﬂ.;_'\}._t Tl Eq! = b Em‘
| =01 I1+k-21-— i
- ¥ =
o-& palyginimy grafikas
Matavimas postinkly jutikdiab.
V/C santykis 0G5, Perdirtito betono ulpddy kiskis - 0%
500
.00
&
= 30 1)
E 5.0
=
16,0
500
.00 | ! !
b 001 o002 o0 00 (i 7.

Deformacijos & |-

(e ot il 20008 = e Grafices pagal {150 ir (20) formules e L]

A.2. 21 pav. o — ¢ grafiko palyginimas su EC2
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Eel
PO 4 :
EI’.I | |:|:]_ }
E'I:.II = ﬂjﬂ_
1+(k=2)-— |
Ecl
0
z -4
See=1639x 10 -MPa
dros plotas:
~Ecl :
Er | Er B
% £ £q |
'l!‘c.f-= fon
Ec
P+ k-2 —
£l
0

A_=0085. MPa

Uros svorio centras:

Eaul
Eedec +
s |
~Ecu]
deg + A
Ecl

Ser o
¥y i = 0.00195766
S
Lrl:I.L ¥
X =
Eml
lempigifigdros svono cenfre:
7 LS .
P et ol
Erl Efl
Tepd el = £ = :
3 =y
T3 =2y . ——
Erl
Tryel Vel
oy = — =
fm

2
Ea | Een
£l |.E.;|
fom- EdEm
m
L
Ec
| e (ea)
Lo — -
3 —
Bel - LRa )
deg
o
11+ &-2.—
.
i b |

Oeye¥el = 32.281 - MPa
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+ MNeufralosios aSies padéfies apskaitiavimas

Gautos rekimes:
d=h-d;
0.0035 = 0ddm
Epm = —F
0.0035 + —— Epim = 0.536
ES
E = d- B
r.ﬁ='3.3-1 m
) fym'-""-sl
T
o - Em- b
xz=0056m
. . :
Fo=a, £y b-x F,=45024-kN

=430.24 . kN
FomFy=0 AN Foyp=450.24 .12

¢ |akomod galia:

Mgz = - foy- b x-(d ke~ 2] Mp ey = 189288 KN - m
¢ Momentu pusisusvyra

M=o -fp-b-x-k -x

My = £ Ay -d

Me=1106%9 -k -m
Mo, =200357-kN -m
Pasitkrinimas:

M- My =-189.288 - 1N . m
Mpgry = 189.288 m - kN

Ekzpermento ir EC2 lakomosios galios palyginimas
Mp=188386 - kN -m
Mppr = 189288 - KN -m
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v UKD SKAICIAVIMAS
Nesupleiséjusios sios finkis:

Wleaga
Mp=0ki-m dMpg=—

= Mipm = Mp My + &gy Mas

k= i koncentructa apkrova apkrautai siai
; Mreca
precaiMrgoal = ——
Emec-f

[inkis:
wiec Mrec! = k- precal Mg} - L7

Supleigdjusios sijos finkis

Skerspiivio redukavimas [amatiinos pakefimas betonu)

o= =639 Amg= 05 Ag =5139% 107 - mm

s b v adifs (B i

L o2 b (4d -| A4 [{-.157371193291543:':1939 |\ [—0057
T B ST Ty r —¥ =1
2 Ll Im \lm I'- o lmj 0116258064057 3008279 j | 0116
zg=0I116-m
SupkeEsiusio skersnilvio inercios momentas apie neutralia asi
boxy [ =) o 3 A
IEEE:= - "'tl?.'E.:T! —|L'f.s-.-151|-|l1—'.q-1!' = G866 10 my
SupleiBéusio skerspiivio kredis:
M, -Mqog
Mypey= Mppoy= 189288 KN.m dgpes= I?—D“ =687-1.-m
Mpec = Mgg Mqg+ dMpecy. Mypo
Mpam
poec?MpoEc) = ————————
Eemecs - Imec
Koehcentas Meriinands apkrovino frukme: Pasishirstyno koeficientas:
B=1 trumpaksks apkrova e 3

CreciMpgm) = 1-8:|
\ Moec
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Midutinis krevis

S MoEca
e Mppot = ————
Emec-k
urecal Moec) = precal Mmem) omecy Mpeca! = precal Mozca/

ool Mpec) = Specl Mpeo) - treciMpec) + {1 - GrecMnec)) - el M pea)

fimkis:

wrpch Mool = k- opmt Mppmb- L7

PALYGINIMAS SUACEI18M11

Ribingé gniuzdomod betono deformacia:

E = 0.003
Statinis momentss:
el rEm
E':..l: = | I‘:rc |:J.I Ceel H- e Ii"‘:n:.l:l r I Uc.cll-E:;E Il Cee2 dl:u:,:l
" “Ea
Folros plotas:
~Ec1 ~Ee
’ Skl { 3 ¥ a b
S i | ":’--:.-:J.I Cerl H) B | Iﬂ-r.r‘:'-'cc.cl ' Gl cp
“Eepe ‘IE\:J.
Svorio cenfras: Gautos rekdmes:;
L -4
S o =1237% 107 . MPa
e 55
e =
A= 0073 NP;
Ecnw — Tex TAE
k= o= 0001734
EI.TI.

k= 0427
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Laikomosios galios apskaidiavimas:

[fempiu esanéiy fempiu deformaciu arafilko svono centre apskaiCigvines

Ol voe) = |_i 8383817725 -y, .~ + 3283947 v, | + 0.2479 MPa

Peissime modulis (tempiamass betone stipas)

£o= £, =323% MP:

%=1 nomabojp svorno betonas

Tamprumo modulis:

E =470 - -WfPa =26.731 . GPa
ez ACT J MPa
Meutraliosios adies padéties apskaitiavimas

PP I

i cC
=
fm
d=h-d
_ f}'m Aa
o, - £, b
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':'-:.:;I }-c.cl =31.933

Gautos reksmes:
o =988
d=0445m

x=0056m

- MPa



Fo=o £ -b-x
FI"" = E\m:le

F,—F,=0.kN

Mpag=o- € box-{d—Kk - x)

Leniime momenty pUsiausvrs

M=o f5-b-x-k-x
My o= - Ay - d
Patikrnimas:

M, - M,y =-182636-kN.-m
Mg acr= 189656 kN m

Patyginimas:
My =188386 - kN m

My per=189288 . kN . m

My acy= 189636 . 1. m

Inercios momentas.

L=L=2604% 10" em'

Myaer = Mo Mg + dMy acr- Mo aen

MNuo pleBéimo ki amatinns ekéimo velldanis lenkimo momentas:

M= My i =189.656 WN-m @M=

Mpacr= Meacr Mo e = @ g 2

""I—- & }‘[:r_lc'[

)
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F.=45024 - EN
Fop =43024 - 127

Mo=1007-17-m

= 7646 - KN - m



Skerspiivio redukavimas (ammatiinos pakeiimas befonu)

E; s 5 3 2
ag= = =748 A =0 Ay =6015% 107 . mm
Semact
SupleEsiusio skerspilivin neuiraliosios aties padétis [ Egu pusiausvyros Fo=Fs)
1 b fa Ay (-0.172361510039567795 )
= a WE o u: = _-.I - -
2 R | | 2 O E2423580232051035016

z = 0.12423080232031035016 - m)

Supleieusio skerspiivic NETCios momentas apie neutral 5]

L= b'l;-ﬂ __b.%.l:? :[_---Cu__.__‘L:“ TR ——
Efekiyvusis nercios momentas:
=}

finkie i pleaimo

= 4_'; koncentructa apkrova apkrautai siai

o 1) ¥
PractMuag! =———
'Er:n_-\.CI 2 Is

wraciMract) = B praciMyace) L

linkis nuo pleSéimo pradfios ki amuatinos fekefimo:

it i My acy
i S Eace LMy aeg

wract Mpac! = F- praciMpach T
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
200
180
160
140
120
100
80
60

LENKIMO MOMENTAS, kNm

40
20
o |
0 5 10 15 20 25 30
JLINKIS, mm

=50 % perdirbty uzpildy =~ =——EC2 ACI-318

A.2. 22 pav. Lenkimo momento — jlinkio priklausomybé¢ pagal tyrima, EC2 ir ACI
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(Belén et al., 2010). Matavimas poslinkio jutikliais.
Vandens/cemento santykis 0.65. Perdirbto betono wpildy kiekis 100%

ftemphy formus:
i -| \
oecil€cel ) = [I_ —6220328. 141 - ¢l + 2709132 Ecn ) + ﬂ.ii-l]hma
ol B ) = | 726834 Cc_a: — 40524 - £ + 34.51 JMP3
Deformaciu reiksmes:
Ecic =10 Eq = 0.0021 Egy = 00043
o-¢ palyginimy grafikas
Mativimis kosaaratoriumi
Wi sankykis 065, Perdichtn betoao abplldy bt - 100%
L ]
¢ ila i}
280
-E}.-.-I'
:: nall
£
2ol i]
1]
0.0
1wl [ifi 1] fiELiE] [} = 3 i, 2%
Dottt
| fetn @ ol Y == pagal (E] i 22 Sormuie
A.2. 23 pav. ¢ — ¢ grafiky palyginimas
A.2. 8 lentelé. Deformacijy palyginimas
Beformadjy patyginimoz
ey P e il
NG | Orgrabs gafiias | Teodenciosiem | pokdaids
40% 100050 [0 i3 002
L%, . i 0L EHCERD {10000
B0% (AN ahiin} CLEWIA 24 D.00002
£0% 0.00450 DLO0450 0100000
80% 0.00340 000347 000007
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Stafinis momentas:

£l o
.= Il e ) Epey dEegy + (o elecal) - Eppndecm
" Erle " el
Figdros S0
~Erl rEm
Ace= Hopeleeer 1 deger + J lop ol EeenlldEe
" Edlx £l
Sworio centras: Gaulps rekEmes:
_ Seg Spc= 2450 % 107 . MPa
b
el
A_.=0101-MPa
Eqg — Vg
ko= oo =0.002423
oy

k= 0.462

Laikomosios galins apskaiciavimas:

+  [tempiy esanéiy fempiy deformaciu grafiko svono cenfre apskaifiavimas

; : m!
ool veel = [' —6220328.141 - ye¢ + 2709132 - v | + 0554 [MPa

+  Sios geomelios r amavino parameirac

b= 025m b= 05m

L=0m

O 15 b =29.677 - MPa

Sija ammuniama 4x416 apacicie
dp = 0.055m
£ '= S00MPa
fm = 112 - £ = 560 - MPa

Ay =B 10 '
E; = 200GPa
Dyghay = 4
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Betono vidutinis gniuFdomasis shoris:
fon = 30.13MPa

Tamprumo moduls:

15 kylantios tendenciios Injos Ssreikiu deformacis fies 041,

Im
IMPa |

| 4

£ = 0000476562633 97453942337

= f}m'-""-;l
o Em b

X:

Jegy pusiausvyTa
Fr=o-fy-b-x
Fop= - Ay

F{_fg!_'=':|'kN

Lakomoi galia:
Mp=og-fom-box-td=ke-x)
Lenkimo momenty pusiausyyra
M=o -fp-b-x-Jp-x

Myy= oy Ag-d

Patikrinimas:
?.Ic—TxI,..I.= —187.746 - kN - m

My =187.746 . N m

=|| 6220328141 . 47" = 2709132

By )+ '.?'54] solve, B —F
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(0.00047E36263397433042337
O00387BT 2284267 T7E91 22

Gautos rekémes:
o, = 0983

d=0Him

x=006lm

Fo=43024 .9
Fopo=43024 - kN

Me=12611.EN -m

M=200337-EN-m



«  PEEsimo momentas

; [ fm 5
| R En|:1 '—| mﬂ =26

£ = £y IMPa = 2046 - MP:

B mad| 16— | o o} = 4712 1P

1000 - m

Nesupisisiusio sherspifivio parameirar
Inercios momentas:

b.b s
L= = 26042 x 10" -cm

13

Skerspiivio Svono cenras
= . =025m

.

MesupleBajusio skerspiivio atsparumo momentas

Wom 2 21042 x 107 s
i s

PleEsimo momentas
Mog=fimg- W=29082-EN-m

Meretm = fom- W =30.686 - kN . m

* JLINKIO SKACIAVIMAS

Nesupleiséjusios sijos ilinkis:
" g :'-Ic[_ﬂ
:\‘IE = 0k -m li:_-‘I-II = I_[I = j‘.[g.-."niu + li:'-!]: DIG’:E
Frahis:
L= koncentrusta apkrova apkrautsi sigi
48
M
Kyl = =
Pri b Fn
[tirtkss

wy My = k- pyMy) - L.
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Stk sise ki
Skerspiuvio redukavimas {armatiinos pakeiimas betonu)

E; 3 -
gy = —— = T808 Apg =5 Ag) = 6358 % 107 - mm-

F
={m

SupkeBsiusio skerspilivic neutrabiosios aiies padets (i oy pusiausyyros Fo=Fs)

1 ¥ W @ ) An 012713321837716801132 -'I | 0.127 I|
— =] - — =} e 3- — =

7 O T lam oy ol \-01780203086812542618 ) ~ L0178 )
= 0127 -m

Suplefajusio skerspjivio inercios momentas apie neutralia a8j

b- xn': b . - _
= ——+boar| o | +{o-2a)-(d-m = 81375 107w’
Supleéjusio skerspilivio kreivis:
My—Mag
My= Mg =187.746 k¥ . m D= —r“ — §933: KN My = Mag Meg+ dMp My
hig
o Myl = —
Em-In
Koeficientas periinanis apkrovimo ukme: Pasiski koeficientas:
Ag=1 tumpaiake apkrova s 2
Mg = 1-8- |
e | My |
\idutinis krefvis
My
ol Bk =
Emn- &
oyf Myl = py Myl g Mgl = pg Myl
o My = (g Myl - oegd M) + {1 = {g BMg) | - e Byl wig M) = k- o Mg} 24
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PALYGINIMAS SU EC2 NETIESINE PRIKLAUSOMYBE:

Deformacios: an 4031 .
—— T r . i
Ecoe = 0.000 ea=07-{J| 10

Ecl
10

Er = Ecllc. Ecic + @€ Eel

Tamprumo modulis:
f o .|-3r.3-

Empm =22 - GPa= 30628 . GPa
| LOMPa |

| MPa / dEer = —

FrEcd Sl = fme

Emut — £¢l

Eqt = F.0035
- 10

deg =

Eci = E¢].Ecl T dEqa - Eqal

Em Sm

Ecl | Ed )

=
S—

E
1+ k=2 —
£ |

B
2

empdai o, hPa
I-'E d

i Helin et ol 30107)

g-g palyginimy grafikas
Mitavimas postinkly jutiidials,
V) C santykis UGS, Perdirkio betana ulpildy kiekis - 100%

00,0 el ik R De UL {1,005
Detarmacos e |

ww wn (irafikas pagal (21} (23] formudes ]

A.2. 24 pav. ¢ — ¢ grafiko palyginimas su EC2
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A Eml =
._E_'E':'f k_E_m_|'E_°"_
Ea Egp ) a1 L Eg
Sec= S |+ Ecdic + fm- o o Bt
e k-2 — 1+k-2)-—
Ecl | et
] el
= 14512 =4
Spp=15342= 10 - MPa
dros plotas:
+£r1 f rEoul r 5
s {5 ¢. 5= _{Sa]
- £el | Eci £ \EqJ
A I = g f-.'.l'.'ll': -
| Em
1+k-1-— | L4+ k—2)-—
£ L 1
0 i |
A =0.079 . MFa
SI:.IZ
K= = 000194403
ok 3 5
Eml] — T
k.=
Egml
lempiai igiros svono cenfre:
. v
k- ot [P
Erl | Ex] /
~§ = i
Oy ¥el = Fo P oryd el =30.1- MFa
I+ (k-2 —
Erl
Tp wrd 3¢
o= &y C = I}SrEIS'
frm
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»  Neulrgliosios asies padéties apskaitiavinas c g

di=h-d;
0.0033 At
Epm = :
FOL
0.0035 + — Em = 10336
E.
I‘i:= d EI:IIE
=014Tm
) f_tm'-“"s.!
b ——
Ot - fm- b
z=0106m
& 3 :
Fo=op-fp b-x Fo=45024-kN

I: ~ 1'-5-_;- 0 kN 55}- =45024- kM

+  Lakomoi galia:
Iv f= oF i hox-ld—-k-x
Mppo =0t b-x-ld~k ) Mppe = 188381 - KN - m
+  Momentu pusEusvyra
M=o -£5-b-x-k-x

My =ty A -d

Mc=11976-kN-m
M, =200357 . EN -m
Pasitkrinimas:

M~ Mgy =-188381 - 1N -m
Mppm = 188381 m- &N

Ekspermento ir BEC2 lakomosics galios pakginimas
Mp=187.746 -EN -m
Mppe= 188381 -EN - m
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ILBKIO SKAICEAIMAS
Nesupleigdjusios sijos finkis:

"
'}

5|
Mp=0kN-m dMrpm =

k= i koncentructa apkrova apkrautzi sigi

Mg
preci Mg} = ——

Emec:- I
finkis:

wiscdMreca) = k- precal Mgl - E-

Supleigéjusios sijos jlinkis

Skerspiivio redukavimas (amatiiros pakefimas betonu)

E

i
f; My = My Mg+ &Mrsm. Mo g

= =653 A= - Ag=525% 107 mu
ey S Aoy = g - Ay
Supleisiusio skerspiiivio neutraliosios asies padels (8 Bqu pusisusyymos Fr=Fs)
1 2 b (4 -| A4 |~:;.159315"-7Ln:-19'-939551'- | (018
— gyl c— = — = g — =
T TR T o2 L011731535317069554886 =1 o117 )
= 0117 . m
SupleiEsiusio skermoilivic inercics momentas ape neutralia a5

5"3{]1: | ¥m ': _

A 0% T el PR ~6983% 10 T’

T e,
Supleiusio skerspilivio kreivis:

i _-:'I-I

Mypes= Mppea = 198381 - EN.m  diggpey = Ly - 0431 m

Pasiskirstymo koeficientas:

'::[LEQQE%I]?_EE]-I =1—-8-
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idutinis kreivi

(el Mrec

BLY by e

PreciMuecal = 2 i E

crecai Moecal = precal Mo e ooy Erol Mioecal = poect Muecs!

oprl Mygm | = Cppcd Moeca) - emecl Mueca) + {1 - e Muec)) - orec M peal

Jinkis:

wpec Mpgca) = k- ogea Mpgea) L

PALYGINIMAS SU ACEIT8M-11

Ribiné gniuZdomoid betono deformacia:

£, = 0003
Statinis momentas:
“E -
Beci= lTecEccr )} - By dE 1 + |oecalCecr)) - Ecn dEcca
B "Eg
Figiiros plotas:
=l Ecn
A= I'h:rc.n:lIEn:.r]”:"Ir':c.-cl EE [ lo ol Eopa b dE. oo
" Y El
Sworio centras: Gautos rekimés:
 Se S,..=1203x% 107 . MPa
Yo = 3
e
i A =0.068. kP2
Ay
Lo=—" ¥ o= 0.001781
e

k. =0.406
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Laikomosios galios apskaiciavimas:

ftempiy esanéiy tempis deformaciu graflko svorio cenire apskaidiavimas

o

Tath ¥l = [l —£220328.141 - ¥,

“EL

Peiféimo moduls (fempiamasie betono stiprs)

f=£f,=3013- Pz

=1 nomakojo svono betonas

=
=082- k-
: |

-MP3=3403-MMPa

MPa

Tamprumeo moduis:
T
Eemaci=4700- |

3 MFa

P2 =25.799 . GPz

MNeutraliosios ades padéties apskaitiavimas

Teerl¥ee!
o, =
fom
d=h-d;
f_lm'-:i'.]
.=
o - ﬁ:m b

T+ 209152

v |+ 0554 MPa
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o rEI }'-:.-:I =29.071 - MPa

Gautos refkémés:
o, = 0.963



. 2o
Fo=a f, box F, = 450.24 - kM
B fou - Foy=45024 kN

F.—F;=0-kN

Lakomol galia:
My aem=o-f -bou|d-l =

Lenkimo momeniy pusiausvyra

T R e M. =11337-K%-m

My =g Ay-d M, =200357-EN-m
M, - M, =-183.02- KN . m

Mpac=189.02 kM. m

Palyginimas:

My = 187746 KN . m

My ger=188.381 - B -m

Mg 4o = 18907 - KN - m

Inercios momentas:

L=L=2604% 10 cm’

Pleigéimo momentas
f: i I.;

b

Meaer =

|k pleEéimo velkiantis enkimo momentas:

Moao
20

M, = 0kM - m Ay =

Myagr = My My + &y gy Mo aer

Muo pleBéimo ki armatines ekéimo velkiants lenkimo momentas:

M. - M
M, = My g =189.02-50.m M= L‘—g‘”‘“: 7678 KN m

Mpag=Moner Mo g + dMpag. My
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Skerspiivio redukavimas (amabinos pakeiimas betonu)

L 1.8 (4 '| A4 [ 01261003580303746982
o ) PP, |
R T S o o \-017596338138523710008

|
== L126E003580303746582 - m

SupleEéiusio skerspilivio inercics momentss apie neufralia asi

b-xgi E A8 2 o
o=~ bom | | 4o du) - (d-m)” =801 % 10 o
Efektywusis nercips momentas:

N z
Dlract)

LMy sl = | 1+ _| Maact ||

My acs Mpag |

Tinkis i Dlei
k= 4—';. koncentnuota apkrova apkrautai siai
. 2
PraciMrged = ————
o AT I;

o,

wracl Mpac) = k- prac Mpacr) -1

linkis nuo pleEsime pradSos & amatinns ekefimo:

) Mp s
P ace My gegl E e L)

v ach Mupacy) = k- pracdMpagh L
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
200
180
160
140
120

100

LENKIMO MOMENTAS, kNm
NGO~ O ®
© © © o

o

0 5 10 15 20 25 30
JLINKIS, mm

=100 % perdirbty uzpildy  ==—EC2 ACI-318

A.2. 25 pav. Lenkimo momento — jlinkio priklausomyb¢ pagal tyrimg, EC2 ir ACI

238



LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
200
180

[
S O
o O

120
100
80
60

LENKIMO MOMENTAS, kNm

40
20

o
wn
=
o

15 20 25 30
JLINKIS, mm

0 % perdirbty uzpildy =20 % perdirbty uzpildy
=50 % perdirbty uzpildy =100 % perdirbty uzpildy

A.2. 26 pav. Lenkimo momento — jlinkio priklausomybé nuo perdirbty uzpildy kiekio

INERCIJOS MOMENTO- LENKIMO MOMENTO
PRIKLAUSOMYBE

300000

< 250000
€
o

2 200000
|_
=
w

2 150000
=
(%)

S 100000
o
o
w

£ 50000

0

0 50 100 150 200
LENKIMO MOMENTAS,kNm
0 % perdirbty uzpildy 20 % perdirbty uzpildy
——50 % perdirbty uzpildy =100 % perdirbty uzpildy

A.2. 27 pav. Inercijos momento — lenkimo momento priklausomybé nuo perdirbty uzpildy kiekio
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(Belén et al., 2010). Matavimas terzodavikliais.
Vandens/cemento santykis 0.5. Perdirbto betono uzpildy kiekis 0%

fempiy formuks:
e [[_—3333354.59 €y + 4105399 . 6.4 | - u.m]ma (23)
(24)

{ 3 i
oeal€ca) = | -185500004 80 £, 0™ + T35046.36 - £y - 68210 MPa

Deformaciiy rekimeés:
Ecic =0 £ = 0.00191 Egg = 000214

o-& palyginimy grafikas
Mhitarain 5 etk i,
W samtykis 0.5, Perdirbibe beteno ulpldy kiskk - 0%

eeripeai o, SEPE
e B o Las
L~ = Ln =
g2 2 B B

=

500

[ITEH]
0000 B Ll 1 bl o o,00e% ooy

Dedormachios & -]
(g etal, 32N = Sraikos pagal (27) i {24] ioomede
A.2. 28 pav. ¢ — ¢ grafiky palyginimas

Itemply fygis 'ﬂ'” s grafikas | _Tendenchos lnig s
40% 0.00520 0.00514 0.00006
B0 0.00820 0.00825 0.00005
8% 0.01180 0.01227 0.00047

Itempiy ygis E”"“! eidlantio ol ’!'ﬁ'*'l""! r "‘"“’"'!!“’! o

a5 0.02120 002098 0.00022

A.2. 29 pav. Deformacijy palyginimas
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Siaing momentas:

£l “Sm
R [ Ioccrl et Egppdiegy + lTectEeeall  Eoeadie
= “Ecl
Figiiros plotas:
rErl £m
A= J ol deg g + J lo e abideE, o
Eclic &1
Sworio centras: Gautns rekimes:
e R S, =833 107 - MPa
Yoo =
SEL

A =0063-MPa
k=— v = 0.001349

k=037

Lafvomosios galios apskaiciavimas:

+  [tempiu esandiu t=mpiu deformaciy grafiko svoro cenfre apskaifisvimas

A L [i 883835439 - v + 4105399 v, | - III.-ST.]I-EPa
ool oo = 38589 . BPa
¢+ Sios geomeinios I ammavimo parameirac

Sija amuciama 4x$16 apatice
b= 025m b= 05m ay = 0.055m

2= 300k
L=+6m by = F00MIFa

fm = 112 - f5 = 360 - MPa

Ago=R04x 10 '’
E, = 200GPa
p
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«  Betone vidulinis gniuZdomask sipris;
f = 44.810MPs

+  Tamprumo modulis:
15 kylandios tendencios Inios BsreiSkiu defomacia Ses 0.4

[ 00005071 37TR8000626455023 |
| (.004111609590648831 7633

{ ﬂ:ﬂl 1 5 !
|04 T [I_ —8888554.59 £, + 4105399 £} - E_ﬁl] salve, €0 1

£ci= 0.00050713798000686455023

(LE 2 |
m=——— =335343- GPs
Ee
+  Meulralosios adies padéties anskaiavimas
) e cpl vl Gautos reksmes:
fm o = 1.861
d=h-d
d=0H5m
s £_im'-'l5'-sl
o fmh £ =0.047m
L] IEg- IE EE uw
Fo= o fp-box Fo=450.24 - kN
B = fo At Fop=450.24 . kN

Fo—Fep=0-kN

+  Lakomol gaka:
Mg'=op-fm-b-z-ld—l-=l
+  Lenkimo momenk pusiausvywra

Mg bimile M.=7.771 5 -m

I'.Is_.'.:= £_,m- Ag-d :"Ia_rr' =200337 - kN -m
Paflirinimas:
M —-M_ =-192386 - kN -m

Mp=1923586-EN-m

242



+  PleiEding momentas

B = 212 zu[l + | p—tcxmzpa H = 3607

fom = £omy - 1MPa = 3607 MPa

| £y | = 5.769 - M

= mad| 16—
fom 1 m{- 1600 -

Inercios momentas:

Lad

L= —— =26042% 10 -cm

MesupleBéjusio skerspilvio atsparumo momentas
k

We=—"=1042%10 . om
B |

Pleiiéimo momentas
Mug=fmag W=60003 K- m

Meom = fom- W=37.57- N -m

' JLINKIO SKAICIAIMAS
Nesuplaifdiusios sijos finkis:
Maa

-

My=0N.m dMp=

}..[I = }\Iﬂ.:\Iu 5 lﬂ'.[I.. I'-iU_ﬁ

k= & koncentructa apkrova apkrautal siai

48
My
i Melp) o= —
Lan- 4
[imlkas

wiMyg) = k- pdM)- 17
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Supleiséiusios sios finkis

Skerspiivio redukavimas {armatiinos pakediimas betonu)

=5459 Agg =0 Ag =455 % 107 -mm”

1 s b Asp  (D14673950621117208339 ) (-0.147
= Em) s - =5 . S | =1 |
2 Im |\ lm 2 0. 11036236773368001546 011 )
Im
zg=011-m
SupkEsjusio skerspjlivio inenciios momentas apie neutralia asi
b-x.n': xn \2 3 -
= — +homr | = | + o Aa) (d- " = 6215 107 Y
SupleBaiusio skerspiivio kreivis:
:\'LI‘I_T‘.Icr_ﬂ
My= Mg =192.586 . kN . m D= ———— =665 KN-m Mp = Mg a Meg+ dMp.. My
Mg
i Mgl =
Ecm I]]
Koefcientas verinanis apkrovimo frukme: Pagiski koehcientas:
A=1 tumpaklke apkrova u 2
G =1 — | D
& Mp
Vidutinis kredhvis
M
. Mg
Ligh =
R
o My = pd Mg ol M) = pp M)
ol Myl = g Mgl e Myl + |1 = G Mgl ) - o Mgl wl M) = k- of Mg} - L7
PALYGINIMAS SU EC2 NETIESINE PRIKL ALISOMYBE:
Deformacios: £ 031
i | £ _ Lml —Egl
Eqpe =0000 eq=10 = 1+ de . = — Eql =00053de, =——
clc cl | MPs | 4 10 cul o 10
By = BBy + B B
Er = Eqic.Eclic T e~ Ecl
Tamprumo modudis:
( fa 03
v | P =34501:
Empem =22 T GPa=34501 . GPa
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| =
k ——E— K fam. | Em |
(o | — L 5L ea \eal
el 6 = ToyEe gl = fon- ks :
[ S P
L ol ) £
o-g palyginimy grafikas
Miatawimas tenzodsvikdisis.
VT sartykls 0.5. Perdirbita batone ulpildy kiekds - 0%
.00

1] 0, D (0001 0,001% 000k 0.00% 0,003 00035 0,004
Defarmacijo e [-]

ey |Belén et ol 2010) == Grafike pogal (23) ir [24) focmuies e LD

A.2. 30 pav. o — ¢ grafiko palyginimas su EC2
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Stafinis monentss:

=S R— a7 "o
AL 0 )
el Egy |
Beci= L (- EcdEe + f
£
1+ {k—2)-—
Eey |
i ¥ Erl
2314 T
Sce=2319x 10 . MPa
dros plotas:
€l Pl “Erul i
) .
. Er1 £a |
A:.{ = LT fcm
E¢
I+ Ek—3). —
£l L
0 “Enl
A ;=0115-MPa
Figlros svoro cenfras:
SI:.E
Y= v = 000202434
ol 4 &
Equl — ¥
k=
Sl
Hempiai figlros svorno centre:
o R [EY
: Erl Ecl
':’r_ytl::"c? =y '
¥c
I+ g2
£l
Tl ¥
o= — T = 0986
fm

4

Em i Em :
= | Egq
= B dfg
ok e«
£a
By
Em | Em |
,E:] I|_ Cl:]_ |

ey ve) = 44174 - MPa
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» MNeufraliosios aSies padéfies apskaifiavimas

Gautos reksmeés:
di=h-d;
- d=04im
0.0035
£im = —E‘,
0.0035 + == £ = 0,336
=1
'.":E =g f_m
3ﬁ=|3.14._'m
) fym'-""'-s'!
e ——
o f- b
z=0Hlm
" ' ;
Fimop-£m-bix Fe=45024-kN
fr-:\.'-= ﬁ:m + -:er
14 Foy=430.24 . 1N

Fo-Fo=-5821% 107 1N

= Lakomol gaka:

Mpera = -fon-b-m- [d—ke-x) Mg gey = 192618 - kN m

=  Momentu pusEusvyra
Me=o-f-b-x-k -z

?ﬁis_\' = f}m ' .-L;]_ -d

M. =7739.-kN-m
Moy =200357-EN - m
Pasitlkrinimas:
M —My=-192613-kN-m
hMppr =192.618m- kN

Ekspermento ir EC2 lBkomosios galios palygininas
My =192.586 - kN - m
Mppem=192618-kN - m
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ILINKID SKACIAVIMAS
Neosuploiséiusios sijos finkis:

-

LWlga
Mg=0kN-m  dEe = —

el

Mipra = My My + dbipm Mo

k= i koncentructa apkrova apkrautai sigai

42
Myigm
precalMiecy) = ———
Emee- I
linkis:

wigcH Migm2!) = k- pec Mreca) - L

Supleigéjusios sijos jlinkis

Skerspiivio redukavimas (amatitnos pakeifimas betonu)

= =5797 Ag = A =466l % 107 - mm

1 2 b (d \ Ay ~0.14879314262790636157 | _ [ —0.149)
= gl s — = — — i - —_ 1 =4
R T T i o2 Loanseesssoosssasa: |\ oan
xp=0112.m
Suplesiusio sherspilivio ineTcios Momentas ape neuraia 35
o3 : = i 3 1L
SR l‘“ Shoag | |+ oy Ayl (@-sg = €330 107 Yt
b | 1 )
My - Mg
Mygca'= Mpeca= 192618 - kN m Myeey = ———— = 6625 - m
Mypm = MggMqgs+ dMyee.- Mygm
MpEc
preciMuecl = —————
Eemer - Imem
Hoehcientas veriinants apkrovimo frukme: ikl koeficientas:
g=1 trumpaiakeé apkrova { Mai ¥

tpeciMpeca! =1-8-|
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idutinis kreivi

’ MoEec
prEciMpEcal = ———
Empeca- I
onecai Muec) = precal Moeca) on eyl Mrecl = poecaiMoec!

ogca| Mppea) = Cppcad Mpema! - copci Mppcal + 11 - CpeciMaecal) - cgpcal M el

Timkis:

wrped Mppml = k- gl Mppel- L

PALYGIMIMAS SUACHI18M 11

Ribiné gniuZ domoji betono deformacka:

£, = 000214 €, = 0003
Stafins momenizs:
Erl Em
5‘-:.: e [ !crc.c'll Coa 15 Eeel 'dE:.rE T I.':Fl:.r_."'i Eeen - oot dEr.r‘.‘.
‘IEc{'.‘: “Ea
Figiirnos EN
Ec Er
Aee= |‘ Hoeel Eeen )| 1 dEcer + | ool el d8cn
T Eae " Eel
Swvorio cenfras: Gautos relkdmés:
o S =8837x 107 . MPs
-&c -
Aee s
Ap o =0.065 - MPa
B T F
L= i Yoo = 0001372
Erp

L =0339
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Lalkomuosios galios apskaiciavimas:

itempiu esanéiu fenpil deformaciu grafiko svorio cenfre apskaitiavimas

Totlveal = [I -88883554.59 -y,” + 4105399 v, | - 0.61 MPa

Pleiggino moduls (Empiamasis betono sions)

£o=f =481 MP2

%=1 nomalop svono betonas

—_—

5 f
=062- M-
£ 1T|}‘

-MPa=415-MPa
1Pa

Tampruno modulis:
P

Eoacy=4700: J

~MPa=31462 - GPa

MPa

MNeutrabosios asies padéties apskakiavimas

o, = Tt Tee!
£
d=h-4;
. f}:n A4
Er= o —
b fcm iy

250

"Tacll Yee | = 38.958 - MPa

Gautos reiksmes:

o, =087

d=0443m

x=01046m



Fo=o-f-b-x F.=43024.EN
Fop = fm- At Fp=45024 . kN

Mg gep=o - -b-x-|d—k -x
Lenkimo Bl

:\L::=l'.'l,: ﬂm'b'}:'kc'x WM. =746 . KN -m
Nl = L0

Moy o= B Aup-d M,, = 200357 - KN -m
Patkrinimas:

M, —M,, =-192895 .1 -m

Mz acr= 192895 . kN . m

Palyginimas:

Mg = 192586 - kM- m

Mg poy = 192618 . - m

Mg acy= 192895 . kN - m

Inercies momentas:

I =T =2604% 10 - cm

E.;:'Ig

Maagr =~ =412 W

ki pleig&imo veiliants lenkimo momentas:

h
G [n'.’.l.{:i

My = 01 - m DMy gy = —
Zu

Myaer= My My + haer Mepacr

Muo peEéimo ki ammatinos tekéimo vekiantis lenkimo momentas:

M. -M
M, = My ey =192.895 -1 - m My yor= ;‘—&m= 7483 - KN . m

My acr ™= M acr Maac + My ace- M,
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Skerspiuvio redukavimas (amatinos pakeiimas betonu )

Agg =y Ay = 5111 % 107 mum’

SupkeEaiusio skerspilvio neutraliosios adies padatis (I8 o pusisuswos Fo=Fz)

1 b d | Ay =0 15687282532938T791T9T
N =3l -——|,——mm|-u1 '
loa W\ lm f

= = i |
2 2 L I11598331173653414764
Im’

my = 0.113583531173633414764 - m

T - X x| = o
L= tboam | 5| +leAu) (- =683 10 i
kL | I N |
Efekbwuss nercios momentas:
[ Maag i [ Maac ;
{ ML = = -L+[1- — 1 1-1
MM |I‘-11:r_s.-::1 | 5 ! Maac | | =
linkiz ki pleiSéino ;
1.;;=i koncentruota apkrova apkrautai siai
42
Wy aeg
praciMrach) =
rm ACT I_:

o

wiach Miacr! =k pracdMiagl - L7

Iinki= nuo pleEsimo pradZos ki amatinns ekejimo:

Mg ac
I A P ... S
RS Eemact - Id Mp aei)

-

wpacd Moac = k- popacrMpagh- L7
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE

250

200

150

100

LENKIMO MOMENTAS, kNm

(%2
o

0 5 10 15 20 25 30
JLINKIS, mm

=0 % perdirbty uzpildy =——EC2 ACI-318

A.2. 31 pav. Lenkimo momento — jlinkio priklausomyb¢ pagal tyrimg, EC2 ir ACI
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(Belen et al., 2010). Matavimas tenzodavikliais.
Vandens/cemento santykis 0.5, Perdirbto betono upildy kiskis 20%:

empiy fonmules:
(23]
(26)

oecilEeq) = [l_—31 1339189 - £.op + 3887123 £00q ) - ﬂ.4_<]1~.{h
O eleeen) = (-11000 - £, 5 + 64 641MPa

Deformaciy rekémés:

Ege =0 Eep -=0.0019 Eq = 000194

o-€ palyginimy grafikas
Matavime tenzndavikdas,
N sanbyhis 05, Perdivhio betese ulplidy kekls - 20

MPa
I
B

N pad o
g

L 0,000 Linil 0.00S ali i L8 et L] 03

Dedormacijos & |4
o (e ot fl, 2000 = el pogsl (5] ir 2] famoies

A.2. 32 pav. ¢ — ¢ grafiky palyginimas
A.2.9 lentelé. Deformacijy palyginimas

A0%, 0.00530 0.00523 000007
50% 0.00830 0.30340 0.00010
BO% 0.01210 0.01244 0.00034
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Stains momentas:

S

lopalEeaall - Ecpadie

Eelle “Eel
Figiros piotas:
aEr] rEo
A= Heoeettecalll dega + J ol alldeca
" Edlc Ecl
Sviorio cenfras: Gautns rekimes:
_ 3ec S, =6497x 10~ . MPa
BT T
Aep
A =0.032-MPa
Eqy — 1,
Eo= = EL .o =0.001238
=]

Laikomosios galins apskaiciavimas:

«  [tempiy esanéiy fempiy deformaciy graflko svono centre apekaifisvimas

3 ¥
Teell veel = I:L_—Sl 13391 .69 - e + 3887123 - yt_{]- — Q45| MPa
o o1l ¥ = 35228 WiPa
+  Sios geomelios I armavino parameira

Sija armuocjama 4x4 16 apaticie
b= 0.25m b= 0.5m dy= 0.055m
§ e £ = S0OMEs
fm= 112 £ = 560 0P
Ay =804x 10 'm
E, = 00GP
Dipghar = 4
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»  Betono vidutinis gniuzdomasis sfipns:
fon = 43.74MPa

*  Tamprumo moduls:
15 kylantios tendenciios Infjos Bsirefkiu deformaci tes 04

( fm | T ) 2 B T (0.00051759698652112327152 |
| 04— | =|{-8113391:69 - 41 + 3887123 e 1 | — 0.45] zalveigegy = | o |
L 1MPa ) - 177 0.00427339936681 77600876 |

£ = Q0051 759698632112327132

(0.4 £
Eipm o L e s
e

+  MNeutrabosios asies padéties anskaifiavimas

 oralved) Gautos rekdmes:
fon o, = 0805
d=h-d;
d=045m
! f_tm'-'lksl
_uc'fnn'b x=005lm
= JEQU pusiausVTa
Fo=mop f,-bix Fo=45024 .1
Fy=fm- A Foy=43024 %N

Fe—Foy=0-kN

* | akomod gaka;
Mp=op fm-b-x-1d—k-xl
* | enkimo momern il

M= ’ choxe E i
ot DR M, =8333.kN-m

My=fg-A5-4d Meyp=200357-EN-m

Patkrinimias:

M, - M, =-192023 . EN.m

Mp=192023 -EN - m
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Pleiimo momentas

L ||
froms = 215 ‘"[1 +| 10 MPa |

fom = fomy - 1MPa = 3565 MPa

= 3.363

h
1000 - m

fma= J.ua{ 16— | - Eams Foym | = 5.702 - B4Pa

MesupleSsjusio skerspiivio atsparumo momentas

L 7 3
W= — = 1042 % 10 - g

i

momentas

Mg= fomg- W=359.397 - kN .m

Meuom = fm- W=37.135 k- m

ILINKIO SKACIAVIMAS
Nesupleiséiusios sifos iinkis:
h

Waa
My=0k.m A= —

! II = :\Ig..:'t:[g + lﬂ‘-.{I I‘-.{ﬂ-_ﬁ

Kriiiis:

k= 2 kencentructa apkrova apkrautai siai
48
My
ol I‘-[Il =
[lmkis

My = k- ) - L
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Supleizédiusios sijns dinkis

Skerspiovio redukavimas ([amatinos pakeiimas betonu)

E. .

= — = 5917 Ao =05 Ag = 4757 % 107 - mam™
EUII.
SupleEsiusio skerspiivio neutraliosios adies padétis (i€ Bau pusisusvyros Fe=Fs)
PRI T \ Ay —0.15034716479585355283 | [ —0.151
Tot=ml - T | - o | A 119a0me51 18559 -«|=| i |
2 lm | 1lm lm: 0.11240065110925244312 | 011 )
g =0112-m
SupleBsusio skerspjlvio inerciios momentas apie neutralia as
bomy . i 4n Lo
= B theow|— | +log: Ay - ld—am =6446x 10 m
SupleBaiusio skerspiiio krefvis:
My~ Mgi
My=Mp=192013 .. m M= ———— =6631- N . m My = Moa Mag+ @M. My
; My
ol Mgl =
Ecm'I]I
Koeficientas perinantis apkrovimo fru £ Passkirshmo koeficentas:
A-=1 tumpaske apkrova Mu_ﬂf
(Mo =1-8 | —
Sy | Mg |
Vidutinis kreivis:
My
Mgl =
T ey
L'tﬂ}\.[]:[l = IJI':L"-I]T_I L'I._E| }.{]I!' = pﬂ}-[n'l
of M) = My - ag M) + (1 - iMg)) - egf Mg weiMp) = k- af Mgl L°
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PAIYGINIMAS SU EC2 NETIESINE PRIKI AUSOMYBE:

Deformachos: 031
[ fm | -3 Eel Eml —Ecl
Eqpe = 0.000 £q =07 o -10 dEg . = — Egq = 00035 degjy=—"
’ | APz | 10 10
E= e Eope + g B B = €01 Eg1 T ey Egn
Tamprumo moduls:
(At O3
Equpmy =324 -GP2=34252.GPa
| TOMPa |
Itempiy-deformaciy kreives
. £rl s
k=105-Emem-— =183
B 3 =
o & T % e (ea)]
P % 18 Fel |\ Erl k-p__ﬂ_|c_d
cECD S ) SEet Eay) = fom
b e T
Ed b t) {
E £
o-£ palyginimy grafikas
Matsvimas tenzodavikliais.
VfC santylds 0.5. Perdirbto betono ulpildy kiekis - 2%
541,000
45 0 =
40,00 "v.\x
.,
35,00 .
z ]
& 30,00 By
:" 1
= 25,050
a
B 20,00
=
15,00
10
5,00
0,0
a LD o1 0,001% 0,003 00035 0,004 09,0045 o, 0l
Deformadijos £ -]
o { Bl i 21 al, 2010 w o v rafikan pagal £25) ird26) formules el 1 J

A.2. 33 pav. ¢ — ¢ grafiko palyginimas su EC2
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Erul

=1 37 :
g% (=T o o _(fa)
Bl LEa) | e i
S:E = £:I:Il E I Ecdfc_ fm —E 'Elfl.l =
1+ &= _‘: 11—(1-"."-;.1
Eel Eel
"1 "
ey ~4
E‘I:.E_—'— 2x 10 - MPa
dros plotss:
FEc] ; ok I ‘
i — { .
k kE |[% [y B [ E)]
£q | £4 Erl -' Ecl |
S-S fom A - e
il £ . 2 Em
1+ &=2) |1_rj;— §o—
£ L el
“i £l
A_ =0112.MPa

5
= i ¥ = 000201517
e
Equl — 7
k=
Eql
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Iempiai figlros svono cenfre:

¥e P
o e |
£ | Ea
Oty ¥e) = £ 78]
cyd ¥e! = fm = eyl vl =43.178 - MPa
L+ {k-2)-—
Erl
ey 7

o= = 0.987
fom

+  Meulrsliosios asies padéfies apskaitinvmas

Gavtos reksimes:
di=h-d
00035 d=0445m
£,
0.0033 + == i = 0,556
E.
% =d- Ly
a.r-.=l}.1-}?:.u
oo fym - A
" oefp-b
z=0042m
Fe=oc fm box o= 45024 kN
Foyi= fm+ As)
=450 . kM
F,—F =01 Fo=450.24 kN

+ Lakomoi gaiia:

Mpeca = o fam-b-=- (d - ke-x) Mpper=192411 BN m
+  Momenfu pusiEusvyra

M=o -£p-box-k-x

}I-i;_‘l = f}m .-L;]_ -d

M, =7946.-kN-m
Mgy =200357 - KN -m
Pasifkrinimas:
M= Mmp=-192411 - kN - m
Mpprm=192411m- kN

Ekspenmento ir EC2 lakomosios galios palvgininas
Mg =192.023 - EN -m
Mppm=182411 -kN-m
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ILINKIO SKACIAIMAS

i d
Wp=10k m ddrgm = _|II Mrgr = My My + e Mg

k= % koncentruota apkrova aplkrautzi siai

Mg

prpcal Mg = ———
EmEca I

{inkis:
wigcl Migca) = k- precol Mrec) - L7

Supicisjusios sijos finkis

Skerspiivio redukavimas (amatiinos pakeitimas betonu)

E,

5

o= =5.839 Aagi= 05 A= 4695 % 10° - nm”

Emen
Supleiéusio skerspiivio neulraliosios aSies padéls (B Bgu pusisusyyTos Fo=Fs)

1 2 b (d '| 241 |: —0.14941314480727968906 | [ —0.149')
— ) - — = — = i . — 1=1
A i SR O 2 L onnissessseorarsioss |\ oa1n
xp= 0112 m
SupleiEsiusio skemoilvio insrcios momentas apke neutrala asi
i P .

Tppe = fﬂ —a-xﬁ-.’T! +log- Ay (d—xgf =6377x 107 e

)
Suplesusio sherspiivio kreivis:

Z'-['\.-_:'I-Iﬂ-_ﬂ
M}-_E,J:;'F Mppri=192411 . kN-m dMgpm= T =5631-kM-m
Mppea = Mg Mgi+ digeo. Mypm
MnEca
preEciMmEsl = ————
Emer - Ireco
Koeficenias verinants apkrovimo rukme: Pasiskirstymo koeficientas:
B:=1 trumpakake apkrova { Mia Y
i el | i
CopciMppml=1-6-|
\ Mupo |
S p—
” \ MgEec
preca Moeq) = ———
Ewrca-In
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oypcl Mpeo) = Precol Mpeca! ageoiMpecl = prec! Mpsc)

gy Mo el = Grecl Mupcal - opecal Mpeca) + (1 - CppclMpeca)) - el Mo ecal

linkis:

wpee Mpem! = k- ogeai Mg - L

PAIYGINIMAS SUACE318M11

Ribing gniuzdomoi betono deformacia:

£, = 0.00194 £, < 0003
Statinis momentas:
rEcl Ecm
B = o cilEcal) - Ec ey dEc o + toceal Bzl - Ecpdea
Erde “Erp
Figitros plotas:
aEr] Emp
A= WopetlEcer ) dE 1 + [ oy cale ) lde 2
“Enc " el
Svorio cenfras: Gautos rekimés:
See 5, =6759% 107 " - MPa
Yee -~ &
e A =0054 MPa
E_—v¥
Eo=——F v, . = 0001258
Ed

k. =01352
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Laikomosios galins apskaidiavimas:

ltempiu esanéiu tempiu deformaciu arafko svono centre apskaifigvimas

Opaplvis) = |_l_ 811339169 v, " + 3887123 %, ) - 3.45-|}E'a

Pieigéino modulis (tempiamasis betono stiprs)

£

£, =4374 MP2

X

1 nomakoje svorio betonas

£=062-M 1]‘; <MPa=41-MPa
Ly a

Tamprumo modubs:
- b2
Ecmacy =470 -.||| T

hPa = 31.084 - GFa

Meutraliosios ades padéties apskaitiavimas

Teet' Vee I
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F=o-f,.-b-x
For = fm- A4

F~Ey=0-kN

Mg ag=o, £ b-x [d-k %)

Lenkind momentl pusiausywra

M=o -Em-bom-le-x
My =fn-45-4d
Patikrnimas:

M, - My=-192332-kN-m
Mpag=192352 . kN-m
Pakygnimas:

My =192023-kN-m
Mpeen=192411-EN-m

My a=192352-kN-m

Inercios momentas:

L=}=2604%10":cm'

Pleidsimo -

£

T

Mg =

=42715-¥-m

M, = 0kN . m dMy o1 =

My aor = Mo My + dMy gy Mo ag

MNuo pleBsime ki amatlines Skéimo veldants lenkimo momentas:

M, = My yor= 192352 . kN m

Mpgo=M oo Moae + Mypacg-M,

L }J‘_"_ }"I::_H.C[ = TAS N
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F.=43024.EN
Fop =45024 - kN

M, =8005-E¥-m

M

— .
oy T+

00357 -EN-m



Skerspiivio redukavinas (amatiinos pakeimnas betonu)

B

== X AR A=Ay =5173% 10 - mm
“em ACI
Supleéusio skerspiivio neulrabiosios asies padéds (i Egu pusisusvyros Fo=Fs)
1 2 (4 | A (~015796691365889900773 |
>l S T T e S 2 essasnnsansseasst

Im

mp = 011658231154284504851 . m

Supleéusic skerspilivic inercics momentas apie neutralia as)

b-x 2 = V2 -
L= 1‘I —h-xﬂ-'.%ﬂ: + oy Ayl (d—ugh = 69% 107 Y’
Efektywuss nercios monentas:
' Meracr ? M !3
LMy act) = |~ |-IE+|:1—| — | |
\ My g | Mpaer)
finkis iki pleiSaimo -

k= 2 koncentructa apkrova apkrautal siai
48

y Myacr
praciMracy! = ————
Emacr-1;

WpackMiac) = k- feandMact) L

Jinki= nuo pleSéjimo pradZios ki armatlnos tekéjimo:

Mpag

praciMoaggl = ——————
Eomact- WMpacl

wrack Mpact) =% praciMpaal-L
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE

250

200

150

100

LENKIMO MOMENTAS, kNm

(%2
o

0 5 10 15 20 25 30
JLINKIS, mm

20 % perdirbty uzpildy =——EC2 ACI-318

A.2. 34 pav. Lenkimo momento — jlinkio priklausomyb¢ pagal tyrimg, EC2 ir ACI
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(Bekn et al., 2010). Matavimas tenzodavikliais.
Vandens/icemento santykis 0.5. Perdirbto betono uzpildy kiekis 50%:

Itermpiy fommbses:
[ . B ) b (27
aoeellEery) = ._"- —60B658.37 cEp ey + 3326003 - Ec g ._| — .45 |MPa
Deformaciu rekémeés:
Ecpe =0 Ect o= 00019 gy = 0.0019

g-£ palyginimy grafikas
Matavimias tenzdaviikais
W/ santykin 0.3, Perdiebitn betono ubldy kieks - 50%
020

aLa0 |

£
H

teim pial o BPa
e
=

2000 |
o
Hhd |
| A0 |
=l i}
= 200, oo 000k oom [l ahe] il L]
Deforimmacijins & -]

o {heitn plal, J010] e Eafked pogd {17 formly

A.2. 35 pav. ¢ — ¢ grafiky palyginimas
A.2. 10 lentelé. Deformacijy palyginimas

ftempiy gis s mﬂﬂﬁ' 5
4% 0.00530 0.00526 0.00004
e D DEID D.00ESS D.00034
B 0.01210 0.01248 0.00038
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Stafine momentas:

=l
Sp= loeenlCeenl) - Epadec g |
" Eriic 1
Sgrcs 8
[ Erl
A= ol ) degey
|~ Eaic
WMo Centras: Gauins rekimeés:
_ Sec 8. =527T2x 100 - MPa
CC-— 4
e 4
. A =0043. MPa
€ =7
ko= 2 CEE Yoo =0.001213
Em

k=035

Laihomosios galios apskaiciavimas:

v Jtempiu esaniy iempiu defommaciu grafiko svono cenfre apskaiiavimas

ool vl = E —690863837 /v .~ + 3326003 . T:.:.} -0 45]:@3
gecll vee) = 28,766 - MPa

| s Sija armuojama 4x416 apatioje
b= 0215m h=05m dy = 0.055m
= 6m ik == 300MPa

fom = 112 5 = 560 - MPa

Agi= 804 x 107
E. = 200GPa
Lpgngr = 4
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+  Betono vidutinis gniuFdomasis stiprs:
fm= 37453MF3

*  Tamprumo moduls:
1% kylantios endencios Injos BereBkiu deformacia ties 0,41,

| 00605201 1065541 75995468 |

fm | Ty 2
I}.-L-—|=|:|,—69D'SE:'3.37-|:,“'+3315f.'.-.{l3-cc|]|—{l.4r'] selve, g1 —+ | W ]
" IMPa = S 10.0042941424342570000122
£ = 0.00032011066541759935468

{04 £
P o 98807 GPa

e
. huhahm‘ am'- St . d"h.i.ﬂs
T ey Gautos rekimes:
_ Teelt¥er
a fm o =795
d=h-d;

d=0Him

fm - )

T e-fpm-b z=006lm

< :

Fo=op £ box F, = 430,24 kN
Fo= - Ay F.,=430.24 . kN

Fe—- fs!" =0-EkN

« |akomod galia:

Mp =0 -fop-b-x- ld=—T-x)
| enkime moment pusisusnTs

M=o hbox hex M=9817-EN-m

Moy = fyg- Ay -d My =200.357 - KN - m

Patikrinimas:
S P }IS._,.=—19I3.559 KN -m

Mg =190339 -EN -m
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fom = fpny - IMP2 = 3301 - MPa

foma = ma.‘{l 16—

'| fooin, oo | = 528 - MPa

\ 1000 - m ) )|
Inercics momentas:

s bifi =26042 % 10 - e
Skerspilvio svoro cenfras

"= % =0215m

MesupkeEsjusio skerspiivio atsparumo momentas

I 5 5
W=—=1042% 10 - pom’
i

Pleiigimo momentas
Mug= fapg- W=35-KN.m

Marm ™= fm- W=343%6 .. m

ILINKIO SKAICIAVIMAS
Neosuplaiséiusios sijos iinkis:
Mu:t.ﬂ

-

Mp=0kN.m oAM= Mj = Mg, Mg + dMp. Mg

k= 4 koncentruota apkrova apkrautai siai

43
M M1
P Myl =
Em- I
[hinki:

wi M) = k- by L7
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Supleisajusios sijos finkis

Skerspiivio redukavings (armatiinos pakefimas betonu)

T+ B ' Ay —0:1630707357193 8462101 | —(L165 |
2 e i =
Im 11 Im: \ 0 I2040649235368635389 15 L

zp=011-m

SupkBaiusio skerspiivio inerciios momentas apie neutralia as]

b- }Zﬂ; { 2y ;1 5 i
Ip=——+boap | | +los ag) - fd-mm) = 7357510 g
SupleBaiusio sherspiiivio kreiis:
TN 5 :-I} I -}"[Cfﬂ ik
My =3p=190539 .1 . m dMgi= ———— =6777-.m M= Mg, Mg + dMg. My
; 0 1
Mg
Lgi=
po Mp S
Koeficientas perinants apkrovimo Tukne: Passkrstymo koeficentas:
B=1 tumpakkeapkrova ¥ o
Mo =1-8-| —
i B
Vidufinis krehvis
My
i M) =
Em &
o Myl = pg Mgl ol Mk = pg Mgl
of M) = ¢ My - o Myl + {1 — ¢ M) - el M) wif My = k- o Mg} - L°
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+  PAIYGINIMAS SU EC2 NETIESINE PRIKLALISOMYBE:

Deformiacio
Eppe == 0000

Eqy =07 |

Er = Egge-Cope T SEce -y

Tamprumo modulie:

M (1
T |

i

i
'

E =21
il | 100apa |

- GPa=32.893 - GPa

ternpiu-defomnaciy kreives:

E=105-E 173

=105 Egupry - —— =197
Em

o-£ palyginimy grafikas
Matavimas teneodawiklisis.
T santykis 0.5, Perdirbta betono ulpildy kiekis - 50%

50,00

45,00

35,00 T

30,00 L

|t i o, M Pa
. | 2
I
=
A

B

o il 00411 oo 0,0 25 oo 00025

Delormacijos & [-]

s (el of 21, L] S ; ]

= » Grafikas pagal [27) foemulyg

A.2. 36 pav. o — ¢ grafiko palyginimas su EC2
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(=l - Zrul

k.i_ i:-1 k_E_cn_|E_|:u'
. 1 L Ed Ecl Ecl
Sec = I - > - Ecde fom - =
F4 -2 — | O
I:I:]._ Eﬂ
. Y=
S, =183 107 % MPa
dros plotas:
=l 5 £l - "
g5 _[ BT | Sa_[Ea]
; by £l LEa I a1 1LEa
FppT - —C d:'::.— £C|'II. i <
B Ty e fip gy S
Eq L Erp
o “Edd
A =0097. MPa
Fegiliros svorio centras:
EI:.l: _
o= ve = 0.00198678
irc
Eql — ¥
K
Em]
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Iempiai figunos svono cenfre:

¥e Yo |
k-— = —
A P £r1 £a
ey Vel = e S ooy vl =37.223 - MPa
1+ k—-2)-—
E¢l

L A
= ooy

Gautos redEmes:
di=h-d
A d=0445m
Elim = =
0.0035 + == £ = 03556
E5
e = d- Egm
m= 0247m
- fim - Aa
b
z=0048m
Fe=op fm box Fo=45024 14

Fop=430.24 - kN

Lakomod gaka:

i, = L] .' ¥ e T
Meeo = oc-fm-box-1d ke x) My gz = 190939 - kN - m

Momentu pusiauswra
M=o - fn-b-u-g-=

M. =0418- kN m
‘.\'I-Ig_v = %E .-lb;]_ -d

My, = 200357 - kN -m
Pasifikrnimas:
M- M_;¥=—]5'G.F'39 -EN-m
Mpgri = 150939 m - kI

Ekaperimento ir EC2 lakomogios galios palyginimas
Mp =190.539 - EM - m
Mppm=190.93% -EN-m
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ILINKIC SKAICIAVIMAS

Nesupleigajisios sijos inkis:

Pt T i}
Mg=0k.m Mg = % Miss = Mg iy + Bl Mg

Kreivis:
k=—  honcentructa apkrova apkrauizi sial
Mige
precal Mrgea) = -

EmEer -k
[inkis:

wipc Migce) = k- prEcad Mg - T_;

Supisigéfusios sijos ilinkis

Skerspjivio redukavimas (armatiros pakeiimas betonu)

o= = 6117 Aoy =05 Mgy = 4918 x 10° - o
E : | O - Hi]

Supleisiusio skerapiiivio neutraliosios agies padéts (8 Bgu pusisuswros Fo=Fs)

Ag
.

lm

—0.153452400435 76738058
(1141 0484954593631 045

| 2z '5: L_Ii |I —0.133
2 Im | lm

L o114

1 \ |
= - e =

zg= 0114 -m

Supleisusio skerspiivio inercios momentss apie neulralia asi

b e ; K
B 4 T i log-Ag)- (- =663 % 10" '’

M, -M_ g
Mypca= Mpee=190930 6. m  dgpe = —E” =6.777. kM. m

Mugea = Mag, Mas + dMpes. Myeo
Mpec

poeciMupey)l = ———————
EmmEra - Inpm

Koeficentas vertinantis i trukmee: Pasiskirstymo koefickentas:

B=1 trumpakeke apkrova { Mat ..|:

CmecoiMppeal =1-8- |
| Mopey !
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Widutinis kreivis

IMria) - e
precaiMuEcl = o———
Eper- ]y
ogecit Mo eca) = precl Mpeca) oqrecy M ecal = poeci Moec|

wprol Mpeml = Cpeeal Mpeez| - ogeealMpeml + (1 - CpeeaiMuecat ) - erpcal M pe)

ke

smzcMaze) = kgl Mppe) T

PALYGINIMAS SU ACEIT8M-11

Ribiné gniuFdomoi betono deformaciia:

£, = 0.0019 £, < 0.003
Statinis momentas:
Ect ~Era
Sec = [ loectlEoc1 |} - et A + | loccal €t )) - Eocz dEcea
“Epie “En
uros

Ecl Ecu
A, :=J‘ ocalecallideca + localeca ) dece

Sz el

Sworio cenfras: Gautos rekdmes:
o i 8. =3508x107 7 MPa
i ™

A =0.042-MPa

=i IR v = 0.001197

k=037
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Laikomosios galios apskaicéiavimas:

Itempiu esantiu tempiu deformaciu grafiko svoro cenire apskaitiavinas

S T F 690865837 -y, -+ 3326003 v, | — 3.45]51:9;

Peitéimo modulis fempiamasis betono sfipds)

fo=f, =3743 MPa

=1 nomaioi svoro betonas
R
E=062-X- | ~MPa=3.794- MPa
'.J 1Fa

Tamprumo moduls:

| L
= 4700
Emac=4 {1

-MP=z = 28.762 - GPa

Meutraliosios adies padéies apskaikiaimas

f;m'-'li-il

A fom - b
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Toenl Yo | =2647. MPa

Gautos rekémés;

a, = 0.787

d=04m

x=006im



! ;
Fome fubox
F = A

F.—Ey=0-1N

I'l[n_q‘a.-=ﬂ'___'1::m' b-x |l:£_kr'ﬂ:|

Lenkimo momenty pusiausvra

M=o - f5-b-=k-x

May = G- Ay - d

S T

M, — M, =-190.182 . kN m
My acr=190182 kN . m
Palygnimas:

My =190.539 . 1N - m

My pen = 190.939 . kN . m

My g = 190.182 . . m

Inercios momentas:

L= h=2604% 10 - om”

Pleis&jimo momentas

1 5k s W om

ki pleBéimo veikiantis kenkimo momentas:

My = (kN - m

by gop = Mg, My + dMy pen- Mo acn

dily g =

Muo pleBajimo ki amatins ekéimo veildanis Enkimo momentas:

M, = My por= 190,182 - KN - m

My aer= Mo acr Maaer + Mg acp - M,

}'Iy - }"[n:l:AC[
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F,=450.24 .EN
F,=45024- 1N

M, = 10175 - kN
My = 200357 - kN -
73533 -EN-m



Skerspiivic redukavimas (amiatlinos pakeitimas betonu)

&

E
o, = = 6.954 Ay =0y Ay =5591% 10" mm

En:uzACI

1 @ K [ o B (aEssesssasI0n |
= Az} -— - | — —=m |- —
2 e )T 17 onaoarsTsessseatssT

xy = L1204 7576639363 188772 - m

SupleSaiesio skerspilvio inercios momentas apie neutrala asi

b= b‘-ljf ._b--‘lu-!:? i:_J,,_L: ay) .||:".—'37E[|:= n— 1I}_4m4'
Efekbyvusis nercios momentas:

3 g 17
(522 ooz
Binkis ki pleiS&imo :
k= i koncentruota apkrova apkrautai sisi

Miao

PaacdMuagl=—"""—
Eemact- 15

wiacl Mracs) = k- praglMrag)-L7

linki= nuo pleEdimo pradZios ki amatlinos tekéjmo:

, ' Mpac
pracidpac)l = o———————
Eoacr LMy ae)

vraciMpach =k ppacdMpacgl) L
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
250
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=50 % perdirbty uzpildy  ==——EC2 ACI-318

A.2. 37 pav. Lenkimo momento — jlinkio priklausomyb¢ pagal tyrimg, EC2 ir ACI
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{Belken et al., 2010). Matavimas tenzodavikliais.
Vandens/cemento santykis 0.5, Perdirbto betono uzpildy kiekis 100%

SR
el geal = [f ~6155668.80 - £cc1” + 3233377 - £cq ) — 038 MPa (28)
Teerl Eera) = | —33400826.80 - 6.0 + 153915.78 - £, 4 - 136.35 [MPa {29)

Deformiaciy reksmeés:
Eope =1 £q = 000215 Eq = 000257

o-£ palyginimy grafikas
Malavimes tensodaviiias.
W sasbyhis 0.5, Perdichito betors ubpddy ek - 100%

G
L]
Ealis
1500
;_':l,ﬁ:
&
;:'.-,IL
g ]
1000
500
L
] 00005 L il 00015 1,30 .08 (]
Dedtrmacijo k|-
s [l of 5l JOU0| s Giafiies pogsd () i (23] Sormaies
A.2. 38 pav. ¢ — ¢ grafiky palyginimas
A.2. 11 lentelé. Deformacijy palyginimas
Deformacijy palyginimas
S Originalis grafikas | Tendencios finiia pablaica |
A% CLONSS0 00583 £1.00007
50 QL3930 LS IE 0. ODO0E
B LLO1 36D 01397 D.00037
Pasrapi Besileidfiantia riikimis Absaliuéioji
ek Originalus grafikas Tendencijos linija klaida
95% 002570 Q02550 000020
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Sialing momentas:

Ecl S
.= [ (e el Eeet ) - EperdEeey + | ImealEeall- EppadEe
" Elic |
Figdnes 50
recl Em
Acp= Hoealeeer ! deger + [ el geenll degea
~Edlic Ecl
Sworio centras: Gautos rekimes:
—4
o e S.c=1134%10  -MPa
YT
Aec g
A =007 MPa
E =T
ko= — FF oo = 0.001608
Cou
k=0374

Laikomosios galios apskaiCiavimas:

» |tempiy esantiy pempiy deformaciy grafiko svono centre apskaifizvimas

cealvec) = | (—6155668.807 ve” + 3333377 vee ) - E.SB]I‘-IF‘a
- gl ¥ep) = 35701 - MP2

*  Sios geomemios I ammavino paramerat

Sija armuciama 4x$16 apaticie
b= 025m k= 05m '-'E]_ = 0.055m
L = 6m fyi '= S00MPa

fn = 112 £ = 560 MPs
Ag=B0AX 10 'm
E, = 200Gz

5

Lpgngr = 4

+  Betono vidutinis gniuFdontasis sfprs:
fom = 405403

*  Tamprumo moduls:
1 kylantios tendencios infos SsreBkiu deformacis ties 0,41,

| t-Ll:m
H

YT 3 (GO003T655674332885252878
4. =1 —61553668.80 - €11 + 3233377 - Ec11 | -8 solve €711 — ey RSt
1MPa - ’ \ 0.0046761251423502470355

Ec= DO0057655674332883252878

(0.4 £l
poe 2t goivs g
£
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Meutraiosios adies padéties apskaitiavimas

; o il vec) Gautos reksmes:
T e = 0.381
d=h-4d;

d=0Hm
: f}m Asi
e By b £=005m
Je y
Fo=il-fon b= Fo=45024 . kM
Ey=fm Ag Fop=450.24 - kN

F.—Fy=0-kN

Lakomod galia:
Mp=or fm-b-x-ld—k-xl
Lenkimo momenty pusiausnra

I = - . - . -
Me=og b b beow Me=5498 KN - m

My =fon- A -4 M, = 200357 - K- m

M, — Myp=—191859 kN -m

Mp=19185%-EN-m
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*  Pleiisimo momentas

e = 120 f;.\|:1. + |m ﬂ =3.433

£ = Eamy- IMPa= 3435 . MPa

| fom fog| = 3494 P2

fm_ﬂ:=ma>{::1.ﬁ—

1000 - m |
Inercios momentas:
Eis hlf = 26042 < 107 - e’
Skerspilivio sworno cenfras
Y= % ={025m

MesupkEdjusio skerspiivio ateparima momentas

I : o
W=—=102x 10 -nm
*

Mag=famg- W=57228-kN-m

Meom = fom- W=33779 kN - m

v JLNKIO SKACIAVIMAS
Nesupleiséinsios sijos linkis:
Maa
20

}‘Il} =0kM-m L'E'-II = I‘-II i 3".[.:,.3.1,:, + Iﬂ'.{I }-Iﬂ-ﬂ
Hremis:

k= *. koncentructs apkrova apkrautal siai

48
X My
PI'-}'iIl =i
Em-k
[imkiz

wiMp =k i) L7
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Sl sie ki
Skerspiuvio redukavimas (armatinos pakeiimas betonu)

Eg
Oy '=—

F
={m

=7111 Agy =0 A =3717% 107 - mm”

SupkeBsiusio skerspilivio neutrabiosios aiies padéts (i oy pusiausyyros Fo=Fs)

1 s b @ | Ag —ﬂ.lﬁ"iifl}ijﬁcriﬁ%és."cﬁl (~0167)
—-\=m] - — -} e 3- — =

3 A N oy ® Lol L 01216173454299629945 | | 0122
= 0122 -m

Supledjusio skerspiindg inercios momentas apie neutralia a5

b-x]:[':

| \ : -
=gy e — | *+los-Ag)-(d—xg)" =7478x 10 *m
Supleiéusio skerspilivio krefvis:
A } My —Mag _
My=Mp=191859 - -m dMp = 1—r =6732-kN-m Mp=MgpMqeg+ dMdg. M,
_.I 5
Mg
i Myl = —
Em-In
Foeicientas werinants apkrovimo fiukme: Passki koehcientas:
G-=1 tumpakke apkrova Mqog W2
Mo =1-08- |
\ My )
Widutings kreivis
My
ol Bk =
Em- b
o Myl = py Myl o Mpl = pg Mgl
o Myl = gl Myl - o Mgl + {1 — i Myl | - o Ml v Myl = k- ol Mgl 2
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PALYGINIMAS 5U EC2 NETIESINE PRIKLAUSOMYBE:

Defomacios: 831
_ | fm E -
_ a=07-|—=| .10 €al _ Bl &l
Ecpe = 0.000 € | Pa dece=— £ =00035 deg=—m—
: 14 10
E¢= Eqic.Ecle + dEec - Ecl Equ = £c1-Ec] T dEqu- Ecul
Tamprumno moduls:
e 3
Empm=22-| -GPa=3348.GPa
- ll}I-[Pa_.'l
ltempiu-defomaciu kreives:
k=105.E o 113
=105-Emem-— =1L
fom
j E [ E - :":
i}:-—c—l—[ k':m_"‘::u 1
Umlii'=£m-1: Ea | Ea E_ﬂ E_cl J
cBEC2i B! | . £ T Eel Eqgl = £ : |
11*'1% e 15 k=2 - —= |
=
o-& palyginimy grafikas
Matauimzs tentodpidisie.
VT sanitykls 0.5, Perdirbite betano ubplldy kiskls - 100%
s.00
a5{0
A0,00
1500
:'1: A0,00
; 2500 .'\.
2
i:r..;m |
L300
1000 |
500
00

ey | Bedén ot al, 200.0)

i 0 (00S 001 0oans 13,003 0,00
Delormsciios & |-

= - & rafibors pags| (15 o { 25 formule

0,003 0,00E% (i

— LT

A.2. 39 pav. ¢ — ¢ grafiko palyginimas su EC2
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Statinis momentas:

~Ee] i £l .
k-i—|i:“_ kr:_m_r:_m'
g ¢ Eel Eaql | e de_+ £ Eal Eet & iy
1+ -2y = | T
£r1 Eqd
e “Ecl

Figdros plotss:
“Ee] - ~Emil _ .
Lk (& |, fa_[fa
. . Er] | Egl § | Bl \ Bl
LT Loy 5 de; + fo - ———— — = de,
c | Em
L4 -2) — 14—
Ecl I Ecl
L “Ed

App=10105-MPa

Figliros svoro centras:

5
o= — v = 0.00200313
A
Aex
Eml — ¥
k=
Sanl

[lempiai ighnos svona cenfre:

Y ¥
I, i ] o
. Egl Ee]
T ye Yol = Y- ¥ opy vyl = 40165 - MPa
L+ (k-2 — '
Cg
' i AL
o= ﬂ =[.001
fm
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Meutraliosios agies padéfies apskaifiavimas

JEQU DUSEUSYYTA:
Fr=op-fm-b-x

Fopi= fm - Asl

fl:—fs_],.=1.']-l.-_‘-\T

Laikomeoi galia:
Mppo=op-fgn-b-x-ld—=k-x)
Momentu pusiauswra

M=o -fp-b-x-k-x

:'I-Ig_r-.= f!m .-Ihs]_ -d

Pasitkmnmas:
Mr_—f‘xl_,f=—1?1.724 N - m
:&IECQ:]QI_:-I-E kM

Ekspermento ir EC2 lakomosios galios palyginimas

Mg =19185 - kN-m
Mppc = 191724 KN - m

Gautos rekEmes:

==0M4im

Fr=45024- kN

Fo=43024 BN

Mppm=191724 kN . m

M, =8633-EN-m

Mo=200357-KN -m
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ILIMKIO SKACIAVIMAS

Nesuploiséiusios sijos finkis:
X
Mp=0EY-m ddrpm = 3 " Mg = Mg Mp+ diipm. Maa
Korhin:
k=—  koncentruota apkrova apkrautai siai
Mipea
precal Mrgcal =
Emecy-kb
[inkis:

wipcHl Migce ) = k- precl Migca) - L7

Supleisdjusios sijos flinkis

Skerspiivio redukavimas (amatiinos pakefimas betonu)

o

=5974 A= os Ay =4803% 107 - pm

Supleéusio skerspilivio neulraliosios aSies padéts (5 qu pusisusvyros Fo=Fs)

1 s b | | Ag 0 ¥513748608163 71027747 1 —0.151%
=-l=py) - — | | i 3 | =1 B
2 Im '\ lm ! lml 011293213842982085849 | 0115/
= 0.113-m
Supkeisusio shempilivio inercios momentas ape neuraia 35
b 3 [ I: . _
Ippe = 1:]1 b m-i%i slagag) (@=ug) =649 10
Supleiséusio sherspiivio krehvis:
M, — Mg
Mypca=Mpeca=191.724 . kN-m diigEm= s =6732-kN . m
Mppra = MggMga+ &Moo Mygm
Mpem

precaiMpecal = ————

Emera - Imeco
Koeficentas pertinants apkrovimo rukme: Pasiskirstymo koeficentas:
g=1 trumpakaie apkrova (Maa Y

-

L-]IE"“E-::"IEEC”.II =1-8-

\ Moec
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Widutinis kredvis

i | Mpec

i =_—

PrEC M mEC = T L

arecl Muecat = preca Mpeca! om g2\ Mpec) = prect Moec)

oplMppe! = CpecMpen| - oxec\ Mpea) + 11 — Speca!Mpec!! - ¢rEcol M eca!

finkis:

“-]IEE'IE:"I_'EH:' = L‘EC':'.I-I"E]I:EEII i

PALYGINIMAS SUACEI18M-11

Ribiné gniuZdomoi betono deformaciia:

£, = 000257 £, < (003
Statinis momentas:
~Ecl e
Sec = o il et - Eccy dBeey + 1ol Ecer - By A€z 03
“Edlic " Egl
Fugilinos plotas:
Ecl Ec
"I!‘:: = |‘ I':Uc.cll'::.rlll!ldlzc.cl o [ Iﬂ-l:.r!”':c.l:l:lldl:m:l
X Edc £ Ecl
Sworio cenfras: Gautos rekimes:
o -4
_ Sec S..=1134x 10  -MPa
Yo =
e ; 3
A__=0071-MPFa
Cow = %o
ko= = et ¥, =0.001608
Ceu

k =0374
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Laikomosios galios apskaiciavimas:

ftempiu esantiy tempiu deformaciu orafke svoro centre apskaitiavimas

b= [i'_—rsl_«'.slsss.m AWy |- u._!s]_hﬂ:a.

Peidino moduls fempiamasis betono sfiphs)

B

£, =40.54-MPa

x:=1 nomabkoi svoro betonas
£
£=0862-X I ShPa=394%8: MPa
1J hPa

Tamprumo moduls:

||_-
s =4 7 -
Em_-L'C'. = ‘I.I AP

BfPz =29915 . GPa

Meutraliosios adies padéties apskaifiavimas

‘:r:::l:"'c.u:l
o =
fm
d=h—d
f_\m'-'li-hl
G Eg b
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o =35702 .\
o b ) =35.702 - MPa



Jéqu pusiausvyra
Fo=wo, £ b x F,=450.24 - kN
Foy= BBt F,y =45024- 1N

F.~F,=0.kN

Mpgep=o-f-b-x-[d-l -=)

Lenkimo momentl pusiausyyra

M= B h.x- A
M=o fm-boxokex M, =8498 . kN-m

Myi=fm- Ag-d M, = 200357 - kN-m
Patikrnimas:

M, - M, =-191859 . 1N . m

Mpacr=191.859 . kN . m

Palygnimas:

My =191850 . KN . m

Mpgcr=191.724- KN -m

My acr=191.850 kN -m

Inercios monentas:

L=h=2604% 10 . em’

Pleisaii i
f;:']:3

T

=41121 - BN -m

M ap=

Iki pleEéimo velkiantis Enkimo momentas:

M
My=0kN . m e,

Mpac =2 My = My ger Mo ag

Nug pleSsime ki ammatines ekéimo velkiants lenkimo momentas:

3"[}' i }"I:r_:lCI -
20

M = Mg o= 191850 KN m M= 7537 KN m

Mpae ™= MaaorMaae + g aer- My
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Skerspilvio redukavimas (amatisros pakeiimas betonu)

E, : e 3 :
o= = 6683 A=y - A =5373% 107 - mm
e ACT
SupleBsiusio sherspilvio neutraliosios adies padéefis (i Equ pusiausvyros Fe=Fs)
L o4 h d \ Ay [—016146183696315361457
= mpy) s = Ey - =Y B
2 Im W\ im ! 1 2 LB 1T84749159721 89625333
m
=y =0.11847491972189623353 - m

Suple&usio skerspilivic Nercios momentas apie neutralia asi

b 3 | % '|: . L
L=t Fbomg | = | ey Ayl (d-xgl = 7005 10 T’
Efelkbywiusis nercios momentas:

o (Moo % [ Meracr 5
RS = SRl HE
LiMmac | Wi J l i J L
linkis ki pleiséimo -

k= % koncentruota apkrova apkrautai siai

Mpac
PraciMiacld = ———
LemArlT” I!:

wraci Miac) =% praglMrag) -1°

linkis nuo pleBsjimoe pradZios ki amatinos teksjimo:

Mrac
practMpae) = —————————
Emarr LiMpaer

wpact Mpac! =k ppacd Mpagh - L7
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LENKIMO MOMENTO - [LINKIO PRIKLALSOMYBE

250
0
e
E -
gL o
= A
L e
o -’/’
= e
E .-_-_':-"'
g 10 7 :_:?
% o
B ==
=
A
-_:-5#
T
50 i
o
nk - .
] z in 15 30 5 a
JLINKIS, mm
—— 300 parddiebny Whpidy EC AC1318

A.2. 40 pav. Lenkimo momento — jlinkio priklausomyb¢ pagal tyrimg, EC2 ir ACI
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LENKIMO MOMENTO - [UNKID PRIKLAUSOMYBE

150

LEMEIBAD) BAOIASEN TAL, kMen

g 5 1 H1 n 5 a0
JLINNCH, mim

et L Lo TR EEE TRt T (TR
e ST [0 SR e TV el iy

A.2. 41 pav. Lenkimo momento — jlinkio priklausomybé¢ nuo perdirbty uZpildy kiekio

INERCLIOS MOMENTO- LENKIMO MOMENTO PRIKLAUSOMYSBE

INERDIOS MCOMENTAS, ond
i

J

50000
ol - - - -
n L1 w03 150 200 20
LENEIMC BEDIMENT &5 k8m
—T I, perrirbty uhpdty  — perdiing iy s— T perdty udsily

A.2. 42 pav. Inercijos momento — lenkimo momento priklausomybé nuo perdirbty uZpildy kiekio
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{Belén et al., 2010). Matavimas poslinkio jutikiiais.
Vandensicemento santykis 0.5, Perdirbto betono wipildy kiekis 0%

ftenmnpay formikes:
(30}

ocalteal = [[ ~8850291.06 - £, + 4068525 . £ q ) + ﬂ.lSl]I»Ez

ol Eepn) = | 2551905799 - £ 0" — 167037 - £, 09 + 8263 [MPa 31)

Defomaciiy reksmes:

Ecpe = 0 Ecp = 0.001% Ceg = 0.0036

- palyginimy grafikas
Mt mas kompasstonsi.
W/ sastyils 05, Pesdishie betono ubpidy lieks - %

MFa
E B B

jrasrymai o

=

KE

0 el et ool LB s L L0 00rs 8 il it ] 1T I

Delnrmachs € -]

a— Een e, AT o i gl pagad (W) i [5L) formesiey

A.2. 43 pav. ¢ — ¢ grafiky palyginimas
A.2. 12 lentelé. Deformacijy palyginimas

Orignalus grafikas Tendencijos finifa | paidaida

A0 0.00050 1.00050 0,00000
B 0.00080 0.00081 0.00001
B L0020 000121 0,000
fremedy ygis Eulﬂiﬂ.aﬂﬂupﬁmiéﬁnﬁ; w
Ongnalus grafikas | Tendencijos liniia pakdaida

a0% 0L00360 0u0g3a0 0.00000
A% 0.00260 000254 | 0.00008
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Slane momentas:

~Ecl ~Em
See= toperlgee! ) Eeprdige + (el Eeeal) » EpendEe e
“Eelhc T el
Figlres photas:
rEcl £
A= J Nocalecallldeeqa + localEcea) | dEc
Eclie £l
SWONo centras: Gauins rekimes:
See 5, =221% 107 . Mpa
Yo o=
Yec F
b 4 gt
A =0113-APa
Em — ¥or -
k= v = 0001976
Em

k.= 0451

Laikomosios galins apskaiciavimas.:

Itempiy esanéiy tempiu defommaciu grafko svono cenire apskaifiavimas

I

TeetlVee) = [[ 885029106 - v~ + 40685,

Sios geomeTios I amavimo paramerar

bi=025m b= 05m

L 0.131]1:9;

Sija armuojama $0§16 apatioe

dy = 0.055m

£ = S0OMPa

frm
A

E. = 2HGPa

g -

Tipphar == 4

112 . fg = 360 - MPa

Ag=804x 10 '’
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o1l vec) =46.019 - MPs



+  Betono vidutinis gniufdomasis sfipris:
£n°= 44 81MPa

+  Tamprumo modulis:
15 kylantios tendenciios Injos Ssireikiu deformacia fies 041
fip

|_ e :.=[I_ —8830291.06- €5 + 4068525641/ + -:1131] wive, 647 —

[ DO04109]1ARETOMO23344385
| 0.00048788273095184676114 |

£ei= DO00AETEE2 7300951846761 14

(0.4 £,
Em=———=36738-GPa
S
v Meufrabosios adies padéties apskaifimvimas
_ Teetl Yec! Seis Telairs
A £m ag=1.027
di=h-d;
d=045m
_ f_ﬂr.'-'l-sl
KI_Uc'fun'b =003 m
. Jgg' IE% SVYTE
-fC:=uE'f‘II1 b-x FE=-I-E|:|:4E'1-
fﬂ_: fm Ay 1-'5}. =45024 - kN

Fo—Fy=0-kN

+ | akomoi gakia:

Mp=op-fm-b-x-ld—h-=xl

+  Lenkimo momeniy pusiausyyra

] = — L e -1 P Wy |
LS R S Mc=7945 . EN-m

?.'.Isj.:= £}m- Ag-d M;._r.=jﬂﬂl.3i"'-hq-m
Patirinimas:
M. — }"'Ls}'= =192 409 . kN -m

Mp=192405 -k -m
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* Ple#dimo momentas

L | R
ﬁ:tl:ll‘.c:= jl:ﬁn|:].—|m[| = 3607

fomy = £y - IMPa = 3607 - MPa

h
1000 - m

Eipg = mad | L6~ | o, G = 5,769 - MPa

Ne. EEfusio sherspiv metrar

Inercijos momentas:

B 5
= — 26047 % 10° . em

MesupkeEsjusio skerspiivio atsparumo momentas

Woe Z o100 107 e
s

M= Fimg- W= 60085 - kM- m

Muoom = fm W=3757- . m

bt i
pr M) == —
Em-I
ik

wiMp) = k- pbay) - 17
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Supleisdjusios sijos finkis

Skerspiivio redukavinss (amatiiros pakefimas betonu)

E. = 5
=544 A= Ag=437T% 10" - mm

1 b fa : g [—0.14335630798176805942 | 01443
—-fm| - — = ——m |- — = _ . _ =
G R AT CT o2 L o10ssan13sus0cesss || 0100
== 0.10%-m
SupkeBiiusio skemspiinvio inercios momentas apis neutralia as]
by (=)™ .3 o
In= ™ thoxge| — | *log-Ag)-ld—xp =601 10 "m
SupleBaiusio skerspilivio kreiis
) My—Mea )

My= Mg =192409 KN - m M= ———— = 6616k .m M= Mga Mg + & My

» Mg

Myl =
fm 2ol Fo I
Foeficientas werinantis apkrovimo fukme: Passkirstymo koeficentas:
B:=1 tumpakks apkrova . (Mg

el =1-8 | — |
My
\idutinis kreivis
Mg

My =
P ek
L'tIl:'tI]II = pﬁ}.[nl cepl 3'.[]1:'- = Fﬂ}-[ﬂ:l
of My = ¢ My - g My} = (1 = S M) ) - o M) Mg =k ad Mgl - L°

301



*  PALYGINIMAS 5U EC2 NETIESINE PRIKLAUSOMYBE:

Defomiacios: PR
| Em | -3 Ll Emul —E¢l
Ecpc o= 0.0400 Eel = 0.7- - 10 e = — Eqn) = 0003 degg = ———
olic Ll |'. - J dEce 0 il cu 0
Ep = Cele. Sl + dfce - gl Em = Ecl.Ef] + d8p Eqpl

Tamprumo modulis:

- 03
| tm | =
Empc=22- -GPa=343501-GPa
E._ 100Pa .'l
ltempiu-deformaciy kreives:
Eq

k=105 Eqpm- — = 1839
o

E, | E e
]l _E_l_t K Em_ Eml
oegealed) = e | — 2 &1 \ea)
CECY i TuErt Eml = £
1+ {k-2)-— a1}
14+ k=) —
L a & 3 g5 |

o-£ palyginimy grafikas
Matavimas poslinkly jutikiials.
V/C santykis 0.5. Perdirbto betono ufpildy kiekis - 0%

100

45,00

43,00

o D, 0005 0,001 0,0015 002 0, 0025 0,003 D,0035 0,00 0,0045
Deformadjos e [-]

| Bl el &l 2010)% = (G ElE pagal (30) & [31) lormidles e FICD

A.2. 44 pav. ¢ — ¢ grafiko palyginimas su EC2
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Erl & = el e
g (& || Ew [Eem|
et (o) 2 (e
: = L Ee1 Ser ) =
5= fm-|————————— |- de+ | ————— | tada
Ec Em
1+{Ek=-2)-— | 1+ E—-3)-—
cl | £
0 “Ed
e -4
S.e=LT71x 10 . MPa
dros 5
~50] : ~Eoul r -
£, Er . Em |Eam)
5 (= i fge
Erp L Eg { a1 L Eq
Apgi= = | Frraritg fom- | dEgy
“C u
L+ k=2)-— [1+@-2.—
cl L £l
"o “Exl
A =10093. WPa
5
o v, = 0,00181423
A
S
_ Eaul — ¢
Ecul
Mempiai figuros svono cenfre:
LI W -‘
\ e
= i -
OeynXe! = Ton v oppdvel =427 -MPa
E+k—2)-—
£a1
"L‘_rl:'i?'tj .
= = 0553
fm
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+  MNeursliosios asies padéfies apskaifiavimas

Gautos reksmes:
di=h =
0.0035 =0 m
ﬁl.l]].'. = =
0.0035 + :_—m iy = 0:556
- 1

e =d- Ly
3E=I}.J4._'m

f_l.'m Agg

" og-fm-b

x=002m

) : __
Fo=op £q-b-x F = 45024 - kN

Fool= fm- Aa
FemFy- sl 10 Fop=143024 -

+ | akomoi gakia:
Mppra=op-fn-b-x-ld -l x|
*  Momenius pusiEusvya
M=o -fq-b-ak-x

Meyo= by Agp - d

My g = 192851 KN -m

M,=T7306-kN-m

Mgy =200.357 - kN -m
Pasifkrnimas:

My~ My =-192851 -kN-m

Mppc = 192,851 m- 1N

Ekspenmento ir EC2 laikomosios galios palyginimas
Mp=192409 kN -m
Mppgem=192851 -kN-m
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ILINKIO SKACEAVIMAS
NeosupleiSajusios sijos finkis:

Maa

M= 0 m  dMipoy = — Mipm = Mg Mg + dMigcy. Mo g
Kremia:
k= iE. koncentruota apkrova apkrautzi siai

A

; Mrecs
PrEc)i Mipoa) = ———

Emex I

[inkis:

wiscd Mrec) = k- precatMipr) - L0

Supleigjusios sijos finkis

Skerspiivio redukavimas (armatiinos pakeiimas betonu)

Ei
b
Supleiusio skerspiivio neutralosios afies padéts (i& Bqu pusiauswyros Fo=Fs)

o =5.797 Hog =05 Ag = 4661 % 10° -

I oo o3 b (oA | Ag | —{. 148725 14262T00636157 | [ —0.149 )
= lmpyl - = — = =g |- — =|

2 Y T s R e (L11130956570035323332 / 0112
= 112 -m

SupleEsiusio skermpiiio inerios momentas apie neutralia asi
b '3?]1; (= I ;) =
s | | (e (=g =s3mme 1t

12 2 )

Ippra =

Suplegéjusio sherspiiivio kreivis:

M, — M
Mypca= Mppea=192851 B -m  dippe :=¥l=ﬁ.sle N - m

- LI

:'nim = 3'-Iﬂ-_ﬂ. ”r_rﬂ + d_\.IH_Em.. }‘I}-'.EC]

; Mpeo
poec Mupcy) = —————
Emecy-Imem2
Koshcentas verinantis apkrovimo Tuknme: Pasiskirstymo koefickentas:
g=1 trumpaike apkrova ( thia 2

CoecyMppm)=1-0-|
_ |:"-I]:|'_E.l:1
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b1 |1d|m' -E h-Ei-l rﬁ

; Mroeca
precal Mprca) = e
Emeca &1
trecal Mpeca) = precal Mppca) oqpcal My eea) = poecol Muecal

opra| Mppea) = Copcad Muem! - copci Mupeal + 11 - SpecdMaem) ) - capeal M sl

Timkis:

g Mppca) = & - epeaf Mippen) - I

PALYGINIMAS SUACEI18M11

Ribing gniuzdomed betono deformacia;

B = 0.003

Siatine momentas:

el Ea
5:.: = I':’q:.cll Ceel - Zen1 d'EI:.I:] 2 '[ {"_‘rc .:!I el Il Ceex dE:,:!
“Elic £el
Gros plotas:
=gl S
':i:- = | {'J:.:ll Ceel ) ':-E:.:I - | I ':rls.r.‘.i e i "{E:c_‘-
“Ege " &
Sworio centras: Gautos rekimes:
-4
See § . =1683x% 107" MPa
Yee—
<o =
A, =0087 AMPa
Len — Vex .
k = — v, = 0.001741
El.'II.

k=042
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L atkomosios galins apskaidiavimas:

[t=mpiu esandéiu fempiu deformaciu graflko svono centre apskaiCiavines

P L B [I. ~§830291.06 - v, .~ + 40683.25

Pleigéinmo modulis (termpiamasis betono stipds)

f£o=f, =48] MP:

» =1 nomakoi avono betonas

—
£=082 A |

-MPa=415-MPs

WPa

Tamprumio moduls:

Fomacs = 4700- |
+ MPa

hMPz =31462 - GFa

Meutraliosios adies padéties apskaitiavimas

':r:.-cil:'.c.cl
dne s
o
d=h-d
_ f_\.m g1
u:.fm.]:.

Y] —0.131]}-1'1:'2

307

Teor! Vel =4.132 -

Gautos relksmés:
o = 0.986
d=0445m
x=014lm



Jénu pusiausvyra
Fo=e,-f, b-x F, = 45024 - kN

HESS A Fop=450.24 . IN

F,—Fp=0-kN

Lakomoi gala:
Mpag=o -fo-b-x-[d-k-=|
Lenkinno momentu pusiausyyra

I‘[,C=u\:fmb'5kcx }L:='-'."-]£1'-m

My, = £ Ay o d M, =200:357- KN -m
Patikrnimas:

M, —M,, =-192657-kN-m

Mpac=192657 KN .m

Palyginimas:

Mg = 192409 KN . m

My ncy = 192851 - 1N . m

My 4= 192637 - KN - m

Inercios monentas:

ki pleE&imo veikiantis kenkimo momentas:

)

Mo ac
L]

I'l[.a = 0kN-m MIL’;':I =

I"IIACE = ?‘IE'I"I'J i I:':-.\I‘II.r’.;'C]“ I"Iq:r_i'i.'.[

Muo pleBsimo ki amatinos skéimo veikianis lenkimo momentas:

M, - M
M, =My 4= 192657 BN -m  dMy 4= MrmMara oo v

z 20

Mpag™=MaacMaac =~ Dlpaer My
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Skerspiivio redukavinias (amiatiinos pakedinas betonu

E -

o= =6§357 Agg =ity Ay =5111% 107 - mm’

SupleSiusio skerspiivio neutraliosins siies padétis (8 au pusisusvyros Fe=Fs

2 b (&) e (DISESTIRSNETsITST .|
s e lm:_”- 0.11598531173653414764 |

xp = 0.11598531175653414764 - m

SupleSéusio skerspilivio Nercios momentas apie neutralia asi

)

L= b'lfr ‘b-ru.l:? :F__iu_‘.__'\_‘_” '*:‘531|:=6.S,33x =y
Efekhywuisis nercins momentas: )
kis ki pieiGe
k:=4iq T -
praciMracy = Lj—-l;ﬂls

wiacd Myaci =k praglMyanl L7

firkis nuao pleSéjimo pradfios ki amatinos ekéjima:

Mpam
fraciMpacrl = ————————
Ecmaer - Mg aerl

wiach Mpacy! = k- pracdMpag)- L
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
250

200

150

100

LENKIMO MOMENTAS, kNm

(%)
o

0 5 10 15 20 25 30
JLINKIS, mm

——0% perdirbty uzpildy ——EC2 ACI-318

A.2. 45 pav. Lenkimo momento — jlinkio priklausomybé¢ pagal tyrima, EC2 ir ACI
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(Belén et al, 2010). Matavimas poslinkio jutikliais.
Vandens/cemento santykis 0.5, Perdirbto betono wipildy kiekis 20%

ftempiy formuies:
I 2 Zri WREFR (32)
Ol Ecel) = _' —B1833424 . £y + 3925585 -6 | — 0549 NP
; . ; (33}
OealEeaa) = | 48317105 - g 2" — 28688 . g 4 +83.279 iMPa
Deformaciu reikdmeés:
Epe =10 £q = 10015 £, = 00037

o-& palyginimy grafikas
Malar=as komzdrator .
WI'C samtykhs 05 Perdirbts betnno ulplidy kiskls - 20%

1 200 oz oom: QD nomE oo QoS DA DS0at

[l oemacijon ¢ |-

ke e nl, M e oy gl (3240 1051 frmgken

A.2. 46 pav. ¢ — ¢ grafiky palyginimas

A.2. 13 lentelé. Deformacijy palyginimas

Kylaniio grafiko Abolialioji

i i M&PM@L_&_
ﬂ-ﬂ'}& 0. 000ED 0053 000003
B 0.00080 0.00084 0.00004
B% 0.00120 0.00025 0.00005
B3 000370 0.03370 0,000
B 000240 fLO3249 0.0000E:
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Siafine momentas:

'E{“

£l
See= [ localteall-Eoadeca + loealecall - Ecadecn

" Eche el
Figliros piotas:
rEel S
Apg = J ocalecall) deca + J localecalldeca
Eclic el
Sworio centras: Gautos rekimes:
See S, =2251% 107 *. MPa
Yoo =
g
5 A =0111 MPa
s B
o TEE ver = 0.002029
o

k= 0451

Laikomosios galios apskaiciavimas:

o Jtempi esantiy tempiy deformaciu graflko svoro centre apskaifiavimas

) b 5
Tearl Vool = |_I_ ~81838424 -y, + 3923585 v | - 0.549 MPa

+  Sips geomeimics © anmavimno paramefrac

Sija armuoiama 4x$ 16 apaticle
b= 0.25m b= 0.5m dj = 0.055m
L:=6m £ = 500MPa

£y = 112 - £5 = 560 - MPa

Ag=804%10
E, = 200GP3

Trahar =4
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Trell vepl =45.412

-MPa



|_ 0.4-

Betono vidutinis gniuFdomasis stiors:

fom = 43.74MPa

Tamprumo moduls:

& kylanZios tendenciios Injos Ssirefkiu deformacia ties 0,41, °

fom
1MP2

Ec = 0.000314960970681 2241 3605

(04 &)

E¢

Laa

3.97

L

- Pa

Em=

Meutralosios adies padétes spskaiavimas
T et ¥ee |
fm

d=h-d;

- fom- b

Jé :
Fr=o-fp-b-x
Eo=fm Aq

fc_f5}=DkN

Laikomoi galia:

Mp=ep-fy-b-x-ld—k:-x|

Lenkimo momenty pusEuswWrs

M= -fp-b-x- ko=
T.'LIE_}. = f}m';Lil -d

Pafikrinimas:

B — Mg, =-152295 -EN-m

Mp=192205.kN-m

l=[[ 81838424 - €13 + 39235856y - 9.349] sobve,£q1 — |
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[ 00005 145609T0651 2941 3600
| 0042817895141 520892634

Gautos rekEmes:
o, = 1038

d=0+Him

x=004m

Fo=43024 - B
Fop =450.24 - kN

My=8.002-EN-m

Mep=200357-kN - m



£ = £y - IMPa = 3,365 . MPa

fome = max | 16— |- fms | = 5702 MPa
1 |

1004 - m

! S . —

Inerciics momentas:

i

L= 26042 10 sem
™ 12

Skerspiivio swono cenfras
W= & ={215m

=

MesupkBsjusio skerspilivio atsparumo momentas

Woe Z o110 107 st

*
Pleisimo momentas

Moo= fma- W=50307- K. m

Meom = fom- W=37.135- kN -m

ILINKIO SKAICIAIMAS
Nesuplaisajusios sijos jinkis:
LWlga

My=0N.m A= ﬁ: M= Mg My + dhip Mg
Kreia:
L= koncentruota apkrova apkrautsi siai

48

My

sy Mg} o= k- M) < 12
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Supleigéiusios sios finkis

Skerspiivio redukavimas (armatiinos iimas betonu

o = = 5887 A= Ag=4T33x 107 - mm

1 ok o d Aq —{.13010793819774500743 I| |—n_1:'..
—-{=m] - ~|=—=% - — = |
2 o Im | lm 111. o 2 L O EI22452385T015317413 .E_llJ:
Im
m=0.112-m
SupkeBausio skerspiivio inercios momentas apie nautralia asj
b- xﬂ':' xq \2 - _
= —— +hoar | | +las Aa)-(d-sf = 64195 107 '’
SupleBausio skerspilivio kreiis:
o My —Maa )
My=Mp=192295 . kN-m M= ———— = 6645 KN -m M= Maa Maa + dM. My
Mg
Mgl =
B Em-In
Hoeficientas pwerinants apkrovimo fukme: Passki koeficentss:
A=1 tumpaiake apkrova i 3
sl fl
Mm)=1-8-| —
Mg
\fidutinis kneivis
(Mgl =
e Em- |
ol Mgl = pp Mgl cegt Ml = pg Big)
of M) = ¢l Mp) - o Mgl + (1 - ¢ My)) - e ) Mgl =k alMg L7
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+  PAIYGINIMAS SU EC2 NETIESINE PRIKLAL SOMYBE:

o 'ﬂ:m'u.“ £l Eml —£cl
3 = o - el —
Eqpe = 0000 Eq=107.} ] dece = — Eqt = 0003 deg=———
£ : | hMPa 7 10 = 10
B = Ellc.Ccic + dE e gl Ecn = Ec1.6c] + 2Em - Eqal
Tamprumo modufs:
[ i 1|'}_=
Eompcs =22+ < GEPa=34132.GPa
& | 10MPa |
1 iu-d U kreies:
k=105 EqmEm s
3 = 3
I 4 £
| B [ ECY el
L——-— £y (Ea 1|
= L N | T | st
Teprat €)= Eap | L Ecl | Eqd
= | o ey £¢ T ECY Een!| = Em =
k-, — ol
|5 g L+ G- —
'r:tl_'
o-& palyginimy grafikas
Matavimas paslinkiy jutikiiais.
V/C santylds 0.5, Perdirbto betone ulplidy kiekis - 209
50,00
500 |
a0 |
oo |
gm.m |
-Ezs.m |
Eiu.m |
15,00 |
w00 |
500 |
0 OOO0S 0001 OoMS 6003 O00IS 0003 00088 0004 00088

Dedormacipos & [-]

oy [Bedén et ol 2010) - n arafikes pagal (32} ir [35) formuoies L

A.2. 47 pav. o — ¢ grafiko palyginimas su EC2

316



&1 - e ol ;
(=] o (fm
Eel £c1 ) | Eel Ect
Seci= fm - EcdEg + fm EqdEa
o B | Em
L (e=2}-—| I+ k-2 —
Ecl | Ecl
a “Eel
=¥ Y =3
Sec=222x10 " -MPa
uros 5
&l : (ol IE .
E¢ | Ec | |. Ew Ca 'l'
. Erl | Ea ) £ | Ea )
A= fm €T fm guil
I+ (k=23 |1+ k-2
Erl L S
] “Eel

A, =0112-MPa

Sec
o= *‘ = 000201917
g o
Eml — ¥
ke=—
“ml

. [ Xk
A Ea1 L Ea
Oeye Vel = fm = T ¥el =43.178 - MPa
L+k-2) — '
£a

= [.987
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+  MNeufraliosios aSies padéfies apskaifiavimas

Gautos relEmeés:
d=h-d
= d=0Hm
00635
fm=—"_—
., bm
0.0035 + — £ = 0.536
LE
'Eii= d- Epm
:sﬁ=|}.14"'m
_ EmoAg
" ooe-fm-b
z=0042m
Fo=op- £ bex F,=43024-kN

N A
Es}'-_ tym - sl

Fo—Foy=0-EN Fo=450.24 - 1N

+  |Lakomod galia:
Mppry = O - foq- b 2o (d — k- x] Mg pey = 192411 -3V - m

*  Momentu pusiausvra

M=o fp-b-xk-x

Me=7046-kH - m
Z'.Ig_‘. = :,m Ag-d

hIs_r= 00357 KN -m
Pasikrinimas:
Me—Mgp=-192411 -EN-m
Mppm=192411m- kN

Eksperimento ir EC2 lakomosios galios palyginimas
Mg=192295.kN -m
Mpper=192411 - kN -m
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ILIMKIO SKAICIAVIMAS
Nesupleiséjusios sios finkis:

Llga
My=0N-m dMgm= Eﬂ‘

Migm = Mp My + dMieey . Mo
k= i koncentructa apkrova apkrawtai siai

Mipm

precai Mypm) =—————
Emem-Ip

Jinkis:

wiec Mrecy! = k- precal Mg} -1

Supleisajusios sijos finkis

Skerspiivio redukavimas famatiiros pakeiimas betonu)

= = ]

=583 A=y Ay =4695% 107 - oum

io neutrahiosios adies padéls (BB

I 2 kb " a | A -4 I3I2HB0TITIOR006 | (01437
— -l o — = —mm |- .- - | 5 S =t
2 1 i lm | lm: 0.1118363466074791983 » \ 0112
Zp=0112-m
SupkeBsiusio skersnilvio inercics momentas apie neutralia asi
bomy (=) . SN R W
IILECE:: o -—-:i-E}I-iITi —|L't.s_-:-'_i1|-|l.'E—Tﬂ_' =637 = 10 U1
Supleisusio skerspjivio kreivs:
}.{F_}niu_ﬂ
Myprr=Mppea = 192411 - kN -m ddgem = T =6645 . kM -m
Mppcr = Mgg. Mqaa+ ddpeey. Mypm
MoEca
poEciMpoEQ) = —
Eemera - Ineca
Koeficentas vertinanis apkrovimo rukme: Pasiskrstymo kosficientas:
g=1 trumpaiakeé apkrova [ MgV

'iH_EC'ﬁ}nIE_EﬂIZ=1— B

'._ Mpopcy )
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Vidutinis kreivi

MpEm
PrectiMuecf = ———
SmmECY -4
cxrco Mueca} = precal Mueca) oqrpel M ecal = preca Moeca!

cpeal Mpzez| = Crecal Mpeca) - eoecalMpea| + 1L - CpecaiMaeea) ) - erpeal M peal

linkzs:

smecl Mpgea) = k- ogea(Mpgea) - L

PAIYGINIMAS SU ACEI18M11

Ribné gniuZdomoi betono defomacia:

Eq o= 0003
= rEca
5:.l: oF I':rc .n:].I Eea H- el Ii’El:.l:l £ I':rc.n:ﬂl Coez - Erer d'El:.l:l
" "Er
liros plotas:
Ecl Ecn
".L:.: = [ Iiac.-:llcc.-rlllll'iEccl 7 [ Ia-rﬂlcc.cl:ll'ilzn:i
“Eenc d Ect
Sworio cenfras: Gautos rekimeés:
—4
e §..=1622x10 " :MPa
Fex— _,.
S
A =0093. MPa
O
Eo=— % v., = 0001749
Eq :

k = 0417
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Laikomosios galios apskaiciavimas:

*  liempiu esanciy tempiy deformaciu graiko svoro centre apskaikiavinms

o lv )= |_| 81838424 .y, "+ 3925585 -y, | - 0.549]15-1 ooalve.) =43.08- MPa

Pieisime modulis (tempamass betono stiprs)

=10, =4374 MPa
=1 nomakoje svoro betonas
£
£i=0062- - MPa=41-LFa
LiFa
Tampruno moduls:
=
B aics = 4700 | MPz=31084-GPz
y MPa
+  Neutralosios ases padétes apskaikiavimas
a kv ) Gautos reksmes:
() | €.c
T o, =0.9835
d=hk-4d,
d=04m
o f_\m " |
b £=P.02m
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Fo=a-f,-b-z F, =450204- 1M
Fop =8 Aa Fip =43024- 1

Mpam=o -f-box-{d-k -=x

Lenkimo momenty pusiausvra

M. = B hex- L
Me=te fp bz kox M, =7.846 KN m

My = fym - A1 - d My = 200357 - K- m
Patikrnimas:

M~ M, =-192511 . kN m

Mgacz=192511 kN - m

Palygnimas:

Mp=192295-1N.m

Mpgey=192411 - BN -m

My aor= 192511 . kN - m

Inercios momentas:
L=L=2604x10-cm'

My g 43713 N
k3
ki plesajimo veikianiis kenkimo momentas
ACT
My=0kN-m D = Z’ﬂ

Mpagy =My My + dhlpger Mo ag

Mugo pleSsimo ki amaliines ekéimo velkianis lenkimo momentss:

M_-N
:=m=?.4g_m_m
]

M, = Mpa=192511-0-m My

My aer =M acr: Mo aeg + Mg aer DL
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Skerspiivio redukavimas (amatiinos pakeiimas betonu )

=2 .

=644 Mg =y Ay =51T3x 10° - man”

=
ACT

& E0u pusiausyvyros Fo=Fs)

A | —0.1379660 1363880900773 )

R T Bt Bt " TE 8

I 1 b (4

- —t

2 Im | Im P 27| 011658231154284504891
im

=y = 0116582311 54284504891 - m

SupleEeusio skerspilivio inercies momentas apie neufralia asi
b-xn':' "kI’- 2 -4 4
L= thom{—f tla-dy) (domf =69% 107 'm

Efekbywuss nercios momentas:

Maxa . | [(Meaa)
Liipael= | H:AEI | o | 1- | A
| Mmac |

kis ki pleissh

k= S koncentruota apkrova apkrautal sial

My aca
faciMrae) = ————
acr-Ig

el Mraer) =k pragd My gl - L0

finkiz nuo peSéime pradfios ki amatinos teksjimo:

3 Mpac
PracdMpacyl = —————————
Eemac - LiMpac

=

wracd Muact) = k- praciMpactl- L7
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE

250

200

150

100

LENKIMO MOMENTAS, kNm

(%2
o

0 5 10 15 20 25 30
JLINKIS, mm

20 % perdirbty uzpildy =——EC2 ACI-318

A.2. 48 pav. Lenkimo momento — jlinkio priklausomyb¢ pagal tyrimg, EC2 ir ACI
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(Belén et al., 2010). Matavimas posiinkio jutikliais.
Vandens/cemento santykis 0.5. Perdirbto betono u@pildy kiekis 50%

lempiu formukes:
TrellCect] = [!._—633-3—113 ~Ecpl 32831 -Ecq | F: 0.:116]hEa (34)
g elEcaal = { 377551- Eccg —98046-£. 0 + 35234 MPa (33)

Defomaciu reikdmés:
Eqpe =10 E¢] = 00019 Egy = 0004

o-& palyginimy grafikas
Mlatarvirmis kessparatoriais,
Wi santykis D5, Perdirbio beboss ubpildy dekls - 50%

u ooe  aofd ooms  Oam  G00% OO0 00038 Of (L0ods

Dfomacions |

s [Beidnotel, X00]  s=s G gl () i oo

A.2. 49 pav. ¢ — ¢ grafiky palyginimas
A.2. 14 lentelé. Deformacijy palyginimas

Def armascljy pahyginimas
Xylantio rafko reddmés Aesoliotiol
Itempiy byges Originalus grafikes | Tendencijos linia paklalda
A% 0.00050 0.00051 000001
0% 0.000BD 0. 000ED 0L 00000
Bl 0,001 20 000124 0.00004
Mhlh -- ‘—- -!- ! - ..i.
0% 0.00400 0.003ES 0.00011
Bl 000250 0.00ZE4 0.00006
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rECl rEon
Soe= locetlEea - Eccrdec + |eeatEcail - EepadEc
Y Edde TEel
Figiros 5
el Em
A= | Hoeaplecqldecq + ( ol Bl dEs v
" Edlc "l
Svorio centras: Gautns rekEmes:
Sec S =2316x 107 - MPa
[
e )
- A_.=0.107-MPa
Eoqp — Vo -
kk=——— e = 0002174
S
ko =0457
Laikomosios galios apskaiciavimas:
*  [tempiy esantéiy tempiu deformaciu grafiko Svono centre apskaifisvimas

et Yec) = |_|. —5803418 - v, + 32831 -3/ + 0.21 15]}_91
oerllipel=39431- MPa

*  Sips geometnios I amavino parametrai

Sija ammuciama 4x$ 15 apaticie
b= 0.25m h=0%m ayj = 0.055m
L= fm = S00%IFa

b
fom = 1.12- £ = 560 - MPa

Ag=804x 10 'm0
F, = 200GPa

Dipghar = 4
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Betono vidufinis gniiFdomasis stipds:
fn = 37 43MIFa

Tamprunio modus:

15 kytantios tendencios Injos Bxsreikiu deformacis ties 04,

, £ B _
| 4- ﬁ | =|:| —6803418 - e + 32831 - £ | + 0.3116] salve,Eq1 —

£g = 0.000502066405065 7774958

(0.4-£)
Em=———

Ze

=2103837. GFa

Meutrabosios asies padétes apskaiCiavimas

Tecil ¥eel

fm

Z=]:|.—1'1]

f}m ~Aq

G- fm- b

JEQy pUSHUSYTE
Fo=op-fp-b-x
fij"=ffm":"5]

Fo~Fyp=0-3N

Lakomod galia:

Mp=op - fq-b-x-ld—-k -xl
Lenkimo momenty pusausyra
Me=op-fp-b-x-k-=
M= fp-ag-4d

Patirinimas:
M- M,.&. =—190.969 - EN - m

Mp=19056% . kN -m

327

0.000502066403069 77744058 )
| 0004323596224 19641 25448

Gautos reksmes:
o= 1033
d=0Him
x=0.04m

F =43024 1M
Foy=45024. XN

Me=09388-EN-m

Mg =200.357 - EN -m



Pleizeimo momentas

fomy = 212 En|:1 -| m;t.:ma H =3.301

£ = Emy- 1MPa = 3301 - MPa

b
1000 - m

fcm_ﬂ.=ma.\.J|:é.1l5— | fmn.f,_.m;=:?.25-!-.ﬂ=‘a

Ivercios momentas:
bk

A

= 36042 % 10° - cm”

II =

Skerspiivio svono centras

Mesuplessjusio skerspilvio atsparumo momentas

g 7 3
Wi=—=10M1x 10 - pm
%t

Petsimo momentas
Mog=fomg W=355- N . m

Mepem = fom- W=34386 kN . m

[LINKIO SKAICIAIMAS
Nesupleiséiusios sijos jiinkis:
Man

Mp=0RNom @dp=— My = My Mg+ dMp.. M g
Krehis:
k= A koncentuota apkrova apkrautai sijai

48

M
Ll =

P2 Ean:
[linkis

wyiMp =k pidg) L7
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Supleiséiusios sijos finkis

Skerspivio redukavimas (amatinos pakefimas betonu)
E: 3 3
g = =6.703 Agy= 0 - Ag) = 3389 % 107 -mum™
Em

0 neurainsios afies padéts (& €

Lip s % (i \ Ag  (—D16173852417821661951 | 0162 |
e —_——— iy = —

3 O e Lwg g o ol Lo1iss23snessenissts || onig
= 0119 -m

Supkgausio skermpilhvio inerciios momentas apie neutralia asi

b-ag =y | - _
= —— +boam | — | +(oe-Aa)-(d-=” =732 % 107 '’
2 |2
SupkeBaiusio skempiihvio kreivis:
) My—Mag
My=Mp=190969 - k- m = ———— =678 - W-m Mp= Mga Mog + dMp. My
F Mg
Myl =
Ao E:m I]I[
Foefcientas werinanis apkronimo ukme: Passkirstymo koeficentas:
g:=1 tumpaBke apkrova i) , Mag ..|_
0% B _}_[]I
Vidutinis kredvis
M
Mpgi=
T ek
| }.I]]J = pritkIEl gl 1‘--[]1:‘ = pg I‘.II[:F

af Mp) = ¢l My - g Mg + {1 = Mg} - e M)
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PALYGINIMAS SU BEC2 NETIESINE PRIKLAUSOMYBE:

Defomacios:

.31
i b | 53 £ ) : . Foml —Ed
= 0.0 E1=0.7- i 1 cl Egpl = 00033 degg=—"—
Febe ot | WP ) deer = — cal = 10
10
€= Egfic. Eclie + 8Ecc . Bl Eqm = Ecl.Ecl + 4y Erul
Tamprumo moduls:
(g 3
E =22 GPz2=326093.GPa
= | 100Pa
Itempiu-deformaciy kreives
Ecl .
k=105-Ememn- —=1873
Em
k_i { 5 Ex  [ESNT
Ea | Ed g _|
. fe b= e Ecl | Eqh )
cEC5c o 1 ] e et €l = fm- =
KiCaE 14 (k=2)—
Eel
o-£ palyginimy grafikas
Matavirnas paslinkiy jutidian.
WC santyhis L5 Perdirbto betono ubpildy kisks - 50%
Lol
&m |

Aveivipd @l o, WP

a L0004 0o 0D E 0,002 HACiRL]

Defarmacios & |-

o [ Bl w4 51, 2020

= o ralilor pagal [ w15 oemule

QS 0004 00048

0004

A.2. 50 pav. o — ¢ grafiko palyginimas su EC2
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~Er] A7 Ecul =
E Er Cg .I__ Emm | Em A
Ea El | | £q \ Ecl
Sec= fm: |*EgdE T Em- e
E¢ S
14+ (E—2)-— I (e=2).—
Ec1 Eq
0 " Ecl
B -4
Spe=L1%3x 10 -MPa
aros 5
~Ecl % rfol .
'Ec I:[ - Eﬂ r. EL'I.I. -
—
_ €a |\ €a) | &1 \Eaq
Aop= < T £ | e degy
1 4ol =2y = |1+ @-23.—
L1 L L]
"0 o |
A =0.097 . MiPa
S.¢ P 5
Yo v = 000158678
Arc
= Eml — ¥
Eml
lempiai figiros svono centre:
¥c Yo |
k 2 ey g N s
e Ea |\ Ba
Toyn¥e! = fmm- = opdy) = 37223 - MPa
P+ik=2).—
Eel
eyl ve!

=524
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+  Neufraliosios aSies padéfies apskaifiavimas

Gautos rekimes;
d=h-d
0.0035 RS
Efpi=—7—
Bm
00035 + E Efim = 0.556
== d- Ly
== 0337 m
- fym - Ag
-y b
z=0Em
Fo=o, £q-b-x F, =45024 kN

Foy=fm- Aq

F —Fp=0-EM Fop=450.24 - kN

« | akomoi galia;

My rcs= e fop-b-x-1d —lc- ) My pei = 190939 KN - m
«  Momeniu pusiEusyvwa

M=o fn-b-x-k-x

Moy = Foy Ay - d

Me=94158-EN -m
Mgy =200.337 - EN-m

Pasifkrinimas:

M= Mg=-190939 -kEN - m

Mppm=190930 m- kN

Ekzpenmento ir EC2 latkonosios galios palyginimas

My = 190965 - kN - m

Mppm =190.95% kN - m
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ILIECHD SEAKCIAVIMAS

M
Myg=0kN-m didfpm = 0 Migm = My My + dMypm Mo g
Kreivis:
k= i_ koncentructa apkrova apkrautai siai
45
My

precl Mgl = ——

B " Emec-h

[inkis:

wiecal Mipca! = k- precalMigs) -1

Supleiédjusios sijos ilinkis

Skerspiivio redukavimas (amatiinos pakeiimas betonu)

. B A=t Ay =4518% 10° s’
EmmEc "= :

; R | A 15345240043576758058 | [ 0153
- legyy-— = — - s - 5 =i

3 Wy Lge Ta] 0 L2\ D114104s49sas93e3I0Ne || 0114
am=0114.-m

Supleausio sherspilvio inercies momentas apke neuiraia asi

== a2
+boxr|— |
12 3 )

3 i2 X -4 4
+ g Agy) - ld == =6623x 10 m

Imgm=

SupleiS&usio skarspiiivio kreivie:
My—-Mgs

Mypca= Mppy=190939 IN-m  dMppe = 6798 EN.m

20
Mpgpra = Mg g.Mea + dMoeey-Mypm
Mpec
e 1 e ———
m B2~ ILECD
Koefcentas perlinanis apkrovimo trukne: Pasiskrstymo koeficientas:
A=1 tumpakakeé apkrova [ Mad

tneeiMppe) =1-p-|

I:‘-I]:L'E{E|
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Vidutinis kreivis

~ Myggc
precal Muppal = = :
EmEcz- b
ogecyl Moeca) = preca Mzeca) apecit Muecs! = poecy Moecz)

opml Mpem! = Specd Moece) - enecai Mpec! + 11 - Grec!Mpec!) - recat Mp e

limkis:

iy

“‘.IIECE':?‘IE_EQE' =k L‘EC'!'.I"[H_'Efil =

PALYGINIMAS SUACEITEM11

Ribiné aniuZdomoi betona deformacia;

E, = 0003
Statines momentas:
1 e
Sec = ‘ loectl Ecea H- Ecc1 8 F |TecalBeez)) - EccrdEecn
* Egle " Eel
Figliros plotas:
Ecl "Ecu
-'lLr_,l: = [ i E'-"n:.u:].l Cecl I '-‘;Ec.cl i3 | I TeetlEeea “ dE:x:
=T E Ecl
Sworio cenfras: Gautos rekimes:
See S,,=1437% 10 . MPa
¥ T
e 4 .
A__=0.081. MPs
Eoa = Yee 2
i e P00 v, =0.001764
=

k= 0412
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Laikomosios galios apskaidiavimas:

*  ltempiu esanéiu pempiu deformaciu arafko svorio cenire anskaiisvimas

Teerlvee) = | | 6503418 Ve +32831-3,.) + 0.2116 MPa o |7, | = 36938 . 1Pa

Pieigsimo modulis fempamasis betono sfipis)

£

£, =3745 -MPa

%=1 nomaioje svono betonas

E=082:N I i WPz =3724. MPa
- LFa

Tampruno mcduls:

Ecmaczi= 4700~ I_\ Pz = 18762 - GPa

3 HiFa

+  MNeutraliosios adies padétes apskaifiavimas

B =l Gautos reksmeés:
e i o = 0587
d=h-4;

d=04m
. f_lm'-%-r.]
T x=0.049m
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F=o-f,-h-x E,=43014- kN
Fy=fa-Ag Fop =450.24 - KN
F.-Fy=0-kN

Laikomof galia:

Mpag=o-f.-b-x [d-k-=l

Lenkine momentu pusiausvwa

Moo= O fa bk o M, =9037 -k -m

My = - Aa -d M,y = 200357 - N -m
S
M. —My=-19132- KN -m

Mpag=191.32 . kN-m

Pabygnimas:
My =190.969 - - m
My per=190935 . 1 -m

Mpag=19132-N-m

Inercios momentas:

=h=2604x10 - cm’

ikt St
L

Meact = =32523 W m
=
-1

Iki pleE&jimo velkiantis lenkimo momentas:

Moao

M, = 0kM . m Dy o= —

Mypacr = Me My + dMraer - Mo ao

Muo pleBaimo ki ammatliros ekéfimo veikiands lenkimo momentas:

}"I:r —Merac

M, = My yq=19132- K -m My gy = -

=T33k -m

Mpac=MoaoMaam + Ppacs My
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Skerspjinvio redukavimas {armatinos pakeiimas betonu)

o, = = 6954 Ag=o,- Ay =35591% 10" -

SupkBajusio skempilvio neutraliosios adies padéts (5 oy pusiausvyros Fo=Fs)

b Ay {—0.165200963424355263001

2 [ a
B [0 R i gl U i
el ol e R o L o12047s76630363188772 |

1
2

wp= 012111301 126562287345 - m

Supksigsiusio skerspiiiig Nercios Momentas apie neutrala a5

-

3

o-ug x| 7 =
L= —— b | = | + o Al (d -’ = 7345 107 o’
Efekbyvusis inerciios momentas:
, | M -U::I"; Meac :
Mpacl =] ——— | -L+|1-
M¥mac | Mpacr) \ B e |

linkis ki pletsaimo :

k= 2 koncentructa apkrova apkrautai siai
48

pracr Mpac) =

wrach Mracr) = k- practMrag) -1

inkis nuo pleiEdimo pradfios ki amatinos tekéfimo:

My o

praciMpacy! = ———————
Ewact - LW Mpac)

wraciMuacl = k- pnaciMpacy| -1
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
250

200

150

100

LENKIMO MOMENTAS, kNm

(%2
o

0 5 10 15 20 25 30
JLINKIS, mm

=50 % perdirbty uzpildy  ==——EC2 ACI-318

A.2. 51 pav. Lenkimo momento — jlinkio priklausomyb¢ pagal tyrimg, EC2 ir ACI
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(Belén et al., 2010). Matavimas poslinkio jutikliais.
Vandens/cemento santykis 0.5. Perdirbto betono & pildy kiekis 100%

ltemoiu formuks:

. . =
mealeeal = [Ix—rsasm?.ﬂs Eegl + 357093 €6y ) = D_I}_{II-.IF:; (36)

(.. 2 _ ) (37)
Tl € pa) = ~136148 - €. 0~ — 63687 - £, 4 + 36.607 /MPa

Deformaciu rekimes:

Ecpe =10 E1 == 0.00020 Egp = 00044

- palyginimij grafikas
Matavimas kosparabolis.
W/ sastyhits 05, Perdichis betono ubpidy khekia - 100%

pE B & &
EHHEEE

Rempal o MPa
B £}
=]

Lt}

L] 000 Lo S0t oo IBLIEL 0.m3 NS UL e )

Dedormarijes £ |-

- elEe e A, 00| w s wew fy ks pegd (VB ir |37 formdey

A.2. 52 pav. ¢ — ¢ grafiky palyginimas
A.2. 15 lentelé. Deformacijy palyginimas

Defarmadjy palygnirmas

Kylendio grafiko reikimis
P M | O g ralhs | Tendendioa e | _poklada
AP 11, 005D 000057 0, 00003
B 0, 0D0an 000082 000002
B 000150 0.00138 L.00002

Originalus grafikas | Tendencijes linija | peklaida |
71 0, D040 2,00490 oooril |
B 0,00330 0, 00525 0 CO00S
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Stains momentas:

el S
e [ (el Bt h) - Ecpy digey + [ lre el - B dEc n
S “Erl
Figiiros piotas:
rEcl ~Em
A= | Woecrlecar ) decea + J loecal Ecaal ) deeca
"Edlc Erl
SWOND centras: Gautns rekimes:
—4
Sec S =3068% 10  -MPa
¥oe =
S
A =012 MPa
Em — ¥ ;
ko= % oo = 0.002405
Emn

ke =0453

Laikomosios galios apskaiciavimas:

+  [temipiu esaniiy tempiu deformaciu grafiko svonio cenfre apskaifiavimas

T et ¥l = E —63FB4RT08 - 3~ 3237093 - 7.-,:_,:] — D.':I}:I}.[Pa -.
ol veg ) =41.641 - BIPa
*  Sips geomeTios I ammavimo paramelrat

Sija amuciama 4x$16 apaticie
b= 025m b= 05m dy = 0.055m
L= 6m fyi = S00MPa

fm = 112 £ = 560 - MPs
Ag=804% 107
E, = 200GPa

5

Lpghg = 4
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Betono vidutinis gniuFdomasis stipris:
£ = 40 S0 P3

Tamprumo moduls:

I kylantios tendenciios Injos Ssreikiu deformacia fies 0,41,

=

TR = || 633849708 g + 3257033
NAEd § L

| 04
£c= D0005397653T1091 661866522

(04 £
Em=———

g

=15.96% - GPa

Meutrabosios adies padéties spskakiavimas

_ el Ve

Em
d= —{l]

- fg-':ls'-'l"-il
oo fm b

JEQy pusiausvyra
F=o-fg-box
-fi'f: %m'-‘is]

IE_EEL:':'LN

Lakomioi gala:

:‘liR:: Lo - fCEIl :E-K-I.d_l'c- x|
Lenkimo momenty pusiausnra
Me=og fm-b-5-k-=
?.-15_,,.:= £_lm-_-1.;1-d

Patirinimas:
I-Ic—.\I,.Y= —191 528 -EN-m

Mp=191528 . kN -m

( BOPIS59765TION] 661866522

ey — 003 salve,eq
<t A1 1 0 0045788230726366633429

Gautos rekimeés:

oy = 1.027

F,=43024. 9

F,, =450.24 . kN

Me=8828-EN:-m

My =20035T-EN -m
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*  Pleisimo momentas

£IEI].?: =T LL\|Z|. = |m [| = 3433

£ = fomy - 1MPa = 3435 . MPa

[ b
fma= 16— ——— e | = 5494 - MP
m’{- o =) Foms Fomn| :

Inercios momentas:

bf = 26042 % 10° -
Skerspiivio svono cenfras

W= % =025m

MesupkEdjusio skerspiivio atspanima mamentas

LK T i3
W=—=1042x 10 -mm
i s

Pleiéimo momentas
Mog= fmg - W=37228 EN-m

Maom = fam W=33779 kM m

*  JLINKIO SKACIAVIMAS
Nosuplaiséiusios sijos iinkis:

Maa
-'."~I|]. =0kN-m ii?nII = 0 I\II T :\.I.J.ZEID + ﬂl‘-.{I.. E\Iﬂ-_ﬂ
Hremis:
k= A koncentructa apkrova apkrautai siai
48

Lzl s

M) =
P M) == B
|imka=

wyi Myl = k- pMy) - L7
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Supieigéiuzios sijns dinkis
Skerspiivio redukavimas (armatiros pakeiimas betonu)

]

— 6904 Aeg = 0 Ag = 3.551% 10 -

i0 neufrainsios afies padéts (& &

1 i B - A —0.16431762348978332019 I| [ -0.163 .I|
— me— = —— S A, P =
2 et Im | lm 2 11.1.1: N 0.12011193700837123797 ) | 612
2r=012-m
SupkeBaiusio skerspiivio inercios momentas apie neutralia a5
b- x:ﬂ': q'!: 7 -2
=+ boam | T +las da) - (d- = 730310 o
SupkeBaiusio skerspiliio kreiis:
T ¥
My =Mp=191518 kN . m D= ———— =715 .= Mp:= Mga, Mg+ dMp. My
} 70 1
Mg
pr M) = —
Em-Im

Koeficientas Werinants apkrovimo tukme: Passkirstymo koeficientas:
A=1 tumpakké apkrova f ‘.Iﬂ-ﬂ':

tEMm=1-8.| —

My
Vidufinis kreivis
Mg
Myl =

T B T
L'A‘.I”'-I]ﬂ = Pf:}'iﬂl oy I"{]Ib = Pﬂl\!ﬂ"
of Mph = &g My - ag Myl + (1 - &g Myl |- ag Mgl i Mp) = k- aldp) - 1°
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+«  PAIYGIMIMAS 54 EC2 NETIESINE PRIKLALUSOMYBE:

Deformacios: Y 031 S s
-3 - £
Echie = 0000 Efp = Cl."--l 10 T Eq] Eqg = 00035 degy=—m—
b ¢l MPa | dege=— sl o 0
10
£¢7= Ceie. el + dEcc- Ec Em = Eel.Ecl + dEc-. Eqal
Tamprumo modulis:
e \O3
E | GPa=3348. GPa
SaFLd | 100Pa -l
Htempiy-deformaciu kreivés:
k=105 Emer S e
T %
e. [EXT ]
T T e - I - S
AT T Lt—]‘i—il
T, Bl= —_— = - At i)
cEC2i e e Ooerl €yl = £y | ——————1
1+ik—-2}-— " E |
ECI I+':_k—__,-—‘
L Eﬂ_;
o-¢ palyginimy grafikas
Matavimas posimbiy jutibfiab.
VT santykls 0.5, Perdirbio betone ulpildy kiekis - 100%
0,00
45 00

00000 000050 000000 QO0DSD B00200 000XE0 000300 Q00450 0D0S0D 000450
Delormacijos € |-

e ok al., HO10Y o m Graficas pagal (35] i [37] Formeles s T3

A.2. 53 pav. ¢ — ¢ grafiko palyginimas su EC2
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el -
v (5
€1 L Em)
Sep= fom -
e
1+{k—=2}
£t |
=D
. - 4
Soc=2094x 10 - MPa
ros plotas:
~E1 _|
ol (8
" el M Ea )
A= o
Eg
L+k=-2). —
£
"

rEcul .
Ew [Em]
g R -|_
Erl o L Egn
Ecdes+ fom —E - Eqy dEqy
a1
1 - ﬁg— l:l - —_—
Eql
= |
Eel -2
| Em [(Em |
ol e
L5 [
o fm| - dEg
1+ =2y —
I £
“za

':J:.II - -
b Lt v = 000200313
g A
_ Emi —M%
5 —
Iempiai figlnos svono cenfre:
S
- Ea | Ecp )
I5”r_3'1:|."vc:' =g |
e
E+{k-2y.—
Eel
Tyl ¥l
o= ———— =051
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v Meulrsliosios agies padéfies apskaifiavimas a -

d=h-d;
0003 d=04im
= "EI:I.
00035 +=— Sy TR
3 E K = 0336

= 0247Tm

z=003m

Fe=w £ b o= Fo=450.24 1N

Fop=430.24 - kN

Mpec = oc- fm-b-x- (d =k =} Mppo=191.734 - -m

*  Momentl pusEUSYYTE

M=o f-b-x-k-x

My =B633.EN-m
M= .
7= A M;_,‘.=2':'|3.3:T--_'-]s}~7-u.1

Pasikrinimas:
M, —}L,.}. ==191.724 - kN -m

Mgpem=191724m kN

Ekspenmento ir EC2 laikomosios galios palyginimas

Mp=191538 13- m
Mppm=191724 -KN-m
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ILINKID SKAICIAVIMAS
Neosuploigéjusios sijos finkis:

-

M= 07 m Dlipes = -

Mipra = My Mp+ dMipm . Mo

20

k= i koncentruota apkrova apkrautsi siai

3
Migr
Precai Migc) = :
Emeca-Ir
linkis:

wipcHMiEm) = k- preca Mreca) - 10

Supleigdjusios sifos flinkis

Skerspiivio redukavimas (amatiinos pakedimas betonu)

=597 A= oA =4803% 10° . pun

Supleisusio skerspilvio neuiraiosios asies padéls (8 Bqu pusiausvyros Fc=Fs)

1 7 & i a \ Ag ( L1SI374860163T1027747 | [ 0.131)
= I-"'*]T_l:I '__:__xl"..il'u-s' _}| o = 1= i
2 Im Ylm / lml 112932 13842082085849 /0113
= 0.113-m
SupkeEsusio shemspilvio inerncies momenias ape neutraia a5

b [ =] i 2 i
Ingm = T +k Q:T: +log-Agl-ld—xg) =64%x 10 m
Supleiéiusio skerspiivio krehis:

M. -1
Mgy =Mppm=191724 EN-m  dMppe= s = == L
?"IH_E':': = E‘IE.ﬂ"}'IE.ﬂ =+ d:"I]"_'El:"_" }'!'\'.Ec'l
Mpeca
" Emmem - Imeco

Koehcentas pertinants apkrovimo rukme: iski koeficientas:
g=1 trumpaiaikeé apkrova ( M 2

CmeciMupcl=1-8 |

| Moz |
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\idutinis kreivis
MrEc

[ B =
precal Mo Eeca z e

L'frml-zﬁ !'ILECEI = FIEC']I :‘.Ium:! uILEC'E-I:" !"II.ECEI = ‘PE.E':”II }"I‘ILE":.-':I

gl }\‘III'_E{EI = ':-IL'E-C-']I h'[]lE'ﬂl - "-"'.JJE,I:E'.}”[]IE'EI +11 - ":H_EG"‘I}'IH_ECE!'I . Ltﬂzfl'.[ﬂﬂ'

limkis:

wrecy Muem) = k- opeal Mpgcal - L

PAIYGINIMAS SUACEI18M11

Rikbing gniuZdomoi betono deformacia;

£ = 0003
Statinis momentas:
rEel S
S:.r T | I'J'u:.v:lI el H- Sen d'CE.E] s [ h:r-:.u:il Sean H- e d':l:.l:l
I
" s e
Eel "o
"ILE.r = [ IIU-:::I.IE:;IHL‘E':-:LL b Iﬂ-l:.r’_’lrc.r_‘l”"icrti
e “E
Sworio centras: Gautos rekdmés:
— -4
e 5.,=1568% 10 " . MPa
Fox &
Sire . .
A =0087-MPa
Ein — Yoo
Eo=— ¥, = 0.001812
£ i

k, = 0396
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Laikomosios galios apskaiciavimas:

*  ftempiy esantiy tempiu deformaciu orafko svoro centre apskaidiavimas
ol )= [. 633849708 . 5, "+ 3257093 v, | - IJ.EIS]MI':. O atlvc) =38.176 - MPa

Peidinn moduls fenmpiamass betono sfiphs)

fL=£f,=40534 0Pz
X:=1 nomabkoi svorio betonas
£
£=082-% I -WPa=3948: MPa
113\!1:'3

Tamprumo moduls:
| c
v =47 -
Erm_-t{'. ~ ‘I.I MPa

-BfPz =29915 . GPa

*  MNeufraliosios adies padéties apskaitiavimas

S Gautos rekdmes:
CLil- G
T o, = 0.942
di=h—d;
d=0Him
2 ﬁ_.‘m'-‘li-;l
= o £ b x=004Tm
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*  Jéqu pusiausvyra
F,mo £ b-x F,=450.24- kN
Fiy = £ A F,=45024 -1

F.—Fy=0-kN

Ladomoi galia:
Mpag=o-f.-bex-{d—k.-x

Lenkimo momenty pUSIauswWIs

Moo= o Bz o m M, =841 1. m

My = fyn - Aap - My =200357 - 3N - m
Patikrnimas:

M.~ M, =-191945 . KN -m

Mg acr=191.045 . kM. m

Padyonimas:

Mg =191528 -k . m

Mg poy = 191724 . KN . m

Mg qc= 191945 - K. m

Inercios momentas:

Lo=L=2604%10"-cm'

Pleig&jimo momentas

£

b

M acr = =412 m

ki pleE&imo veikiants kenkimo momentas:

}‘In:..’il__l

My= (kN -m Dhac = —
a4

My yey = Mo My + dblyyey- Mo acr

MNuo pleEsimo ki amatiinos Ekéimo velkianis lenkimo momentas:

}"[_,r K ?"IEI:_’LEI
20

M, =Mpag=191945 kM- m  dMyyu= =7541. 1. m

My ac=MeacMaac + Dg s M,
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Skerspiivio redukavimas (amatlinos pakeiimas betonu

= 6683 A=y - A =33T3x 107 - nun

ACT

Ag [ —0.16146183696313361437 |

b d

T N (L I (.. S
i Uit et S AL 2 L 011847491972189625353

1

zp = D118474915721 89625353 - m

SupleSaisio skerspilivio inercios momentas apie neutrals a3

b-xg [ | 3 1
L= — tbosg | < | +layAy) (d-sg” = 711510 N
3 o
Efekbwuss nercios momentas:
(Maag i [ Maac ;
{ ML = = -L+1- — 1 1-1
MM | Mp ac | ! Muac | | T

kis ki il
k= i koncentuota apkrova apkrautai s
43
" \ Myacr
paciMiagl = ———
Emar Ig:

wacd Myac! =k prac Mo L7

finkiz nua peEsimo pradios & amatinos iekéjimo:

o Mg = AT
o Eomacr LM aes

waci Mmact! = k- praci My s} L°
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
250

200

150

100

LENKIMO MOMENTAS, kNm

(%2
o

0 5 10 15 20 25 30
JLINKIS, mm

=100 % perdirbty uzpildy  ==—EC2 ACI-318

A.2. 54 pav. Lenkimo momento — jlinkio priklausomyb¢ pagal tyrimg, EC2 ir ACI
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Bendri rezultatai:

LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE

250

g 200
=4
vl
)
s

E 150
w
>
S

S 100
2
4
=4
w

- 50

0

0 5 10 15 20 25 30
JLINKIS, mm
0 % perdirbty uzpildy =20 % perdirbty uzpildy
=50 % perdirbty uzpildy =100 % perdirbty uzpildy

A.2. 55 pav. Lenkimo momento — jlinkio priklausomybé nuo perdirbty uzpildy kiekio

INERCIJOS MOMENTO- LENKIMO MOMENTO
PRIKLAUSOMYBE

300000

< 250000
€
o

2 200000
|_
=
w

2 150000
=
(%)

S 100000
o
o
w

£ 50000

0

0 50 100 150 200 250
LENKIMO MOMENTAS,kNm
0 % perdirbty uzpildy 20 % perdirbty uzpildy
——50 % perdirbty uzpildy =100 % perdirbty uzpildy

A.2. 56 pav. Inercijos momento — lenkimo momento priklausomybé¢ nuo perdirbty uzpildy kiekio
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A.3 priedas. Skaic¢iavimai pagal 1 metoda (Martinez-Lage et al., 2012)

{MartinezLage et al., 2012). Betono natiiraliy upildy pakeitimo perdirbtais kiekis - 0%

[iempa formulkes:
Tl Eeeql = |:|. =T0E8260.682 . E,._ﬂ: + 28396.1933 €. ) + 0.602 3553?]?-]’?3 {38)
T Ep ) = 28 5MPs (39)
Deformaciiy rekEmeés:

Efic =10 E¢p = 0.00202 Ery = 0.00213

o-g palyginimy grafikas
Perdirbto betono ulpildy kiekis - 0%

templai o, MPa

a 09,0005 0001 00015 0,002 00025 0003

Deformacijos & [-|
- (Martines-Loge et al,, 2012 == =« rafieas pagal (38] ir {33) formules

A.3. 1 pav. ¢ — ¢ grafiky palyginimas
A.3. 1 lentelé. Deformacijy palyginimas

Deformadjy palyginimas

Itempiy lygis | KylanGografiko reikimes | Absoiuliof

' ' Originalus grafikas | Tendendjoslinfja| paklaida
AP 0,00042 0,00045 0,00002
=i 0,00073 0,00075 0, 00001
A% 000117 0,00115 0,00002
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Sialins momentas:

£l ~Eo
See= [ (el €t h - Epp1dEeey + | imealecnll-Eepmdie
" Egllc “Erl
Figliros =0
~Ecl ~Emg
A= | oat€ee))deceg + J |oeeat€cenl ) dEc ea
"l Eel
Svonio centras: Gautns rekimes:
o S S =5781x 107 . MPa
S
g o
A =004 MPa
Eq — ¥
b= — ep =0.001327
=)
=038}
Laikomosios galios apskaiciavimas:
+  |tempiy esantiy tempiu deformaciu grafiko svorio centre apskaifiavimas

oealFic) = |_L' ~TO§9260.682 - v + 283961833 - vy ) + 060235539 MPa

*  Sios geomemios I ammavino paramerat

41 = 0.055m
fyx = S00MPa

b= 0.25m k= 0.5m
L= 6tm

B = 112 £5 = 560 - M[Pa

Ag o= 804x 10 *m
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Sija armuojama 4§16 apatioe

ol v = 25838



*  Betono viditinis gniuFdomasis stiprs:
fm = 28 30IPa

+  Tamprumo modulis:

I5 kylanéios tendencios inios sireitkiu deformacia fies 0,41,

( 000044324699730545071797 )

& | [y :
|=[!_—?a&9:5&.ss: Eqr + 13395.1933-rci]!~ﬂ.ﬁo:35539]—+. Ll 4
= : | 0.0035736077456952403407 |

lo4.
L 1MPa )

£ = 0.0004H3 469573 0543071797

104 - £l
Eqm=—————=26622.GPa
EE
»  MNeutralosios asies padéties anskaikiavimas
e alvee) Gautos rekEmes:
ST o, = 0,876
d=h-d;
d=04Him
o msa
et m x=007Tm
= Jeqy pusiausvyta
Fomap-fm-b-x F,=45024 . kM
}'ﬂ = %m CAg 1-'SF =450.24 . kN

f{_}-g‘|,=@]f_‘q

+ Lakomoi galia:
Mp=op-fq-b-x- ld=]- =l

+  lenkimo momenty pusiausyyra

h = ." . X r N
Me=o0c fom-b-x ke-x Me=1201 KN -m

}.Is_.‘,_'= E_.E- Ag-d Mi:,.= 2000357 KN - o
Patikrinmas:
M- !\Ii}. =—188347 - EN-m

Mg=188347-kN - m

356



Pedimo momentas
=0T e —— |} =212
b= 212 ;{ | 1n.1~-:1=1| 2912

fom = fme - 1MPa = 2012, MPa

- h
= | 15=
= e 18-

[ .ﬂm_ = 4638 - MPa

NesupleBgiusio sherspilvio parametrai

Inerciios momentas:

bl :
L= = 26042 % 10° - om®
ST

Skerspiivio sworno ceniras

W= % ={35m

MesupkBéjusio skerspiivio atsparumo momentas

Wom 2 oo 107
i

Pe#simo momentas
Mog=fmg- W=483523 . m

Mueom = fom- W=30336-kN-m

ILINKIO SKEAICLIAVIMAS
Nesuplaiséjusios sijos jinkis:

Mp=0KN.m  dMp= My = M. Mg+ dMy. M g

wiMy) =k pMdy) L°
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Supleigéiusios sijos iinkis

Skerspiivio redukavimas (armsatinos pekefimas betonu)

Aggmos-Ag =604 10" - mum

i0 neutraiosios adies padéts (5 £

; — A (SITTEBSIININS | (0173 I|
—-IL |- ——:——_ Fard =

Sa = T T Im:_’ 0.12445540616068950514 | | 0124 |
=014 -m

SupleBajusio skerspiiivio inerciios momentas apie neutraka asf

b: :cn:: - 2 ~ |
= ——+boar | = | +los Al (a-ag = 7813 %10 Yl
SupleBéiusio skerspilivio kredvis:
My—Mag
My =Mp=188347 -k -m dMg = Sl 6991 - KN -m Mp= Mo Mga+ dMg My
s B
AE hig
Myl =
po Mo En I
Foeficientas perinants apkrovimo tukme: Pasiskirshymo koeficentas:
F:=1 tumpakkes apkrova Cea
oM = 1-8- |~ c[ﬂ|
) Mpg |
Widutings kreivis
My
My =
P En &
oy Myl = pgd Mgl el Mgt = pgl Mgl
of My = (g Mgl - og Mgl + {1 - {g Mgl - og Mg w My = k- ol Mgl 5
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PAILYGINIMAS 50U EC2 NETIESINE PRIKLALUSOMYBE:

Defomacios: i 931 .
ey =07 | | 1w’ £l ) Ecul — ¢l
Epfie = 0.000 cl MPa | desp=— Eonl = 00035 dEg=—
- 10 10
£ = Egfe.Celie + dfcc- Ec Cm = €16l + dfq- gl
Tamprumo moduis:
£ 103
[} i} =
Empmy =22+ < GPa=30435 - GPa
| 10MIPa |
Itempiu-defommaciu kreiés:
: Bl =
k=105 -Emem - — =2.163
. E R 2 7]
SEE |L ok Em Em
oenafe) = | LEa e e 4]
CEC2Ect - iy P OBl Eql = fy - = - — |
1+ ik—2)-—= o
| = b e S|
= cl |
o-£ palyginimy grafikas
Perdirbte betono ubpildy ekls - 0%
L
;. : "-1
£
5
i [, D00% 0001 0,0 =K ok [ O2% 2ot} 00035 1,004
Deformacijos € |-]

o | Mirtrer-Lage et al , 24013}

A.3. 2 pav. Lenkimo momento — jlinkio priklausomyb¢ pagal tyrima, EC2 ir ACI

= GQrafikas pagal [38) ir (32 formuales
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S.c=1.508x 107 ¥. 0pa

ros plotas:

aEr]
=

LT

-:kz.{ =0.078 - MFa

v = 000154004

“Ec]

“Eel

= [1.995

Eau. | Em
g 0 [P
E i B
1 cl
EdeL'II
Em
F+ge=2)-—
Egl
o
.
Em ,'E'-'“1
| | T
c \ Ecj/
cl el
E
[1+&=2)-—
£a1

oyl ve) = 29478 - MPa
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Meufraliosios afies padéties apskaifiavimas

Gautos reksmes:
d=h-d
0.0033 d=045m
™
n.o03s + 22 Epm=0.356
5
.‘:E'.=d Ebm
EE=E.14_J:L'|
ot |
e o= b
x=0061m
& ; :
Pt s 2o Fo=43024.34
Foyp = fm - Aa1
- -r-‘ . ‘BT
ft—f;!.=ﬂ-h'N Fsy 45024 - k9

Lakomod gaia:

Mrea = oo fm B ld =k Mpge = 182007 1 m

Momentu pusBusvwWa
M=o - boxlg-x

M, =1226- K. m
My = G Ay -d

!\Ig_,, =200.357 - KN -m
Pasikrinimas:
M- _xrﬂ, =—188.007 -EN - m
Mppe= 188087 m- kN

Ekspermento ir EC2 lalkomosios galios palygnimas

Mp=188.347 - EN-m
Mppe = 188.087 - KN - m

361



ILBNKIO SKAICEAVIMAS
Nesupleigajusios sijos finkis:

Meaa

Mg=0kN-m dMigm = _; Mrgrs = My Mp+ dMipm. Mgg
Kraivie:
k= i{ koncentructa apkrova apkrautai siai

L

I'u{j_'EC"I
prEci Migm) = ———
Emecx-I

finkiz:

wrecH Mreea) i= k- precaiMreea) - 17

Supleigdjusios sijos jlinkis

Skerspiivio redukavimas (amatiros pakedimas betonu)

E, - ﬂ
= ——— =371 fag = ta Ay =3283 % 107 - mm™
g o Aag = 05 SAg]
SupkeiEsusio skemnilvio neutraliosios adies padals (5 Bau pusisuswros Fo=Fs)
1 £ | Ag | —0.15989860055001993357 | (D16 |
s wrql —_—— - § r —
e s, o7 L 011763108259856125014 0118
= 0118 .- m
SupleiEsiusio skermnjlvio inercios momenias ape neutrala asi
E-xn; i -x]I:: - A
g = F —'}-'&-‘I-r‘-? I[ Flog-Agl-|ld—x=g” =7019x= 10
SuplkeiEsiusio shempilvio kreiis:
}.{‘.—}-Iu_ﬂ

Mypcot= Mpeca = 198097 kN m Ddigpey = ———— =691 W.m
Mprcr = Mas, Mqaa + ddpeea.- MyEs

Mpeo
prEcMoe) = —————

Emecy-InEc

Koeficentas vertinants apkrovimo frukme: Pasiskirstymo kosficientas:
g=1 trumpaaike apkrova

‘:ILE:::'IK_EJ:] |=1- E s
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Widutinis kredvis

- Mporc2
pieiMpent = ————
Eprm-k
crpco M ect = prectl Moee) omeea| Mpecal = prece Mueca!

cpeal Mpzeal = Crecal Mpgca) - coecaiMpea| + 1L - CpecaiMueea ) - crpeal M peal
linkis:

wHECH f‘.Il-r__B-_-:J S mll‘.{m| b R

PALYGENIMAS SUACHI1EB M1

Ribing g i bafono

£, = 000215
Siatnis momentss:
: |
Ig.'n.-\: o J‘\ lﬂ'.\_. |.'||:E|.'l\.'l I J- Eccl I:I""':l.'-\.'! + 'rw l.ﬂ—-\: n.':l:é-\.'l;l_:” B2 IiEl...'l'
it Bl
r:'.l _
"q‘l.n. ) I |!.I-a-: w.'!ll‘\':l\.' |.'|.I.:I.| d'EI. a1+ r [u'—-\: -\_‘IEE\. L'.EIII d'El.-L'
o el
Sworio centras: Gauins rekimes:
v See 5, <5783 10" MPa
T Mgy
A, = D04 MPa
Ep —Yae
R ¥, =0.001327

k = 0383
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Laikomaosios galios apskaidiavimas:

Itemipiu esandiu empiu deformaciu grafko svono centre apskaidigvinas

mﬂqﬁw=ﬁ;mﬂm&ﬂ:qﬁl—ﬂﬂﬂmﬁ-&J+eﬁmrﬂg}ma @, gl v, ) = 25838

PieiEsimo moduls (tempamass betono sfips)

£=£, =295 NP

% = 1 nomakoj svorio betonas

£
£i=062-X
. J MPa

-LfPa =3.367- MFPa

Tamprumo moduls:

E. pi=4700 - |
T ACT '11 WMPa

MPa=1233528.GPa

MNeutralinsios adies padéties apskaitiavimas

 oafbv) Gautos rekdmes:
R o = 0876
d=h—d;
d=04m
. f_\m-'ILﬂ
= i
o-f£.-b x=007Tm
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FI.':: u::.fcm.b..x F:=45|}:4L:‘I
1-'“_ i =.F|3 - __"._ﬂ 1'-;_-_.-= 43024 -k

F, -F,=-0.kN

Mpaog=o £ -b-x-|d—I -xj

Lenkimo momenty pusiausva

Moo s Somedism M, =12008-K¥-m

M= Ay -d M, = 200357 - m
Patirnimas:

M, — M, =-188343 . KN -m

My acr=188.349 kN . m

Palginimas:

Mg = 188347 . KN 'm

My gcy = 188.007 .10 m

My 4cr= 188349 .10 m

Inercios momentas:

L=h=2604% 10 - em’

Pleiddi

ki pleEéimo veikiants kenkimo momentas:

.
"Icl:JJ.'I

I'J{. = 0N -m d-“IIACI — o

by yer'= My My + dMracr- Mo aer

Muo plegaimo ki armatins =kéimo velkianis lenkimo momentas:

M, — M
Moo= My, =188340 08 . m  dMy o= 2 Mada - oo tm

20

Mpac=Moac Moo = @l ger My
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Skerapiivio redukavinas (amatinos pakeiimas betonu)

E . S
o, = = 7.835 A=A =6299% 107 mun

SupleiSsjusic skerspilvio neutrafiosios afies padétis (E ou pusiauswyros Fe=Fs

1 b (4 |.o, [ omsssTaesTILSISR
2 e )2 T | —oa7roson4a05077236428

= 0126657495733 1381842 - m

Supleséusio skerspilivio inercios momentas apie neutralia asi

b-:cz[: (g )™ -
. 3 ot -4 4
| +log-Ag)-ld—2gl =8077T% 100 "m

finkis ki pisiSsimo -
L= — koncentruota apkrova apkrautai sial

:\'I!_m

Praci My ael = —
Lo act 15

wracd Mracr) = k- praclbyaeh-17

linki= nuo pleSsimo pradZios ki amatinos fekéimo;

Mpac
pracil My eyl = —————
Enacr LiMpag)

i

WpaciMoac = k- praciMpagh-L
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
200
180
160
140
120

100

LENKIMO MOMENTAS, kNm
NGO~ O ®
© © © o

o

0 5 10 15 20 25 30
JLINKIS, mm

=0 % perdirbty uzpildy =——EC2 ACI-318

A.3. 3 pav. Lenkimo momento — jlinkio priklausomyb¢ pagal tyrima, EC2 ir ACI
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(Martinez-Lage et al., 2012). Betono natiraliy uZpildy pakeitimo perdirbtais kiekis - 50%

ltempiu formudes:
. .
O cllEeell = [' —5593067-28] - €. + 2IBBA3B532 - E Ir + ﬂ.lGDﬁDl-@‘E.{II&[Pa (40)
41
O el Eca] = 2590MPa )
Deformaciy reikdmes:
Ege =10 £gp = 00022 £ = 000233
o-£ palyginimy grafikas
Perdirbto betono ulplldy kiekis - 509
35
30
25
£
=20
i
E‘ 15
=
10
5
o
o 0.0005 0,001 o005 002 0,002 0,003
Deformaciios £ |-
o | Martine-Lage ez 2l , 2012| = o o Grafikas pagal (40] it (41) formaules

A.3. 4 pav. ¢ — ¢ grafiky palyginimas

A.3. 2 lentelé. Deformacijy palyginimas

a0 0.00047 O.0004E L0000
[ 0.00077 Q.000ED 0.0000E
Bl 000122 000121 LLOD001
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Siafinis momentas:

£l S
Sec= [ lovaleca)) - Ecer dege + localecal) - ecadeca
Rt Y Erl
0ros 5
el rEo
A= NoceilEear !l dEcq + I localtcalldeca
"Edlc “El
Svorio cenfras: Gautos rekimeés:
By 5. =6004% 10 - MPa
W, e
Yee A
A =0042-2[P3
€ — Y
kei=— e = 000THL
EI:I.II
k =0.382

Laikomozios galins apskaiciavimas:

*  [tempi esantiy temipiu deformaciu grafko svoro cenire apskaifiavimas

ol vec) = ['_. _S592167.281 -y o + 2388428552 v, | + 0. IEDEDHES]?.-.]PE
Ol o) =22.964 - MPa

" B ¥ ANTEVITG DErameliEE Sija ammucjama 45416 apatiok
b= 02m b= 05m =t
S fix7= S00MPs

fm = 112 £5 = 560 - MPa

Ag=804x 10 'm

E. = 200GPa

Dy = 4
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Betono vidutinis gniusdomasis stipris:
frm = 25.00Pa

*  Tamprume moduis:

1% kylanCios tendencios lnjos Ssreikiu deformaci tes 041,

-EBD '__|'

|u4.mﬂ =u—ﬁﬂwiwlmﬂf+:ﬁm:ﬁi.qul—ammm%ﬂ-ﬁ
d

Ec = 0000481 2630135535827801%

O et Yer!

fm

d=h-d

f_tar. < A

og- £ - b

1 1
Fi=op-fp-b-x
Fp=fm 4y

Fe-Fy=0-EN

Laikomoi galia:

Mpo=og-fg box-ld-k =
Lenkimo momentu pusisusyvyra
M= op-fm-box-Tp-x
My = -4y -d
Pafikrinimas:

. ]'-.I._;:r. =—18688 - kN . m

Mp=1868E-EN-m

370

(0003789761851 8500994133
(:00048126301555358278018

Gaulos rekEmes:
o, = 0.887

d=0Him

x=0.078m

F o =45024.
Fop=43024- kN

Me=1347T7-ENN-m

Mo =200357-kN-m



fm = Eny- IMPa=271-MPa

frg= m,{r‘ 16— |- S, | = 4334 - MPs

1000 - m
Inercijos momentas:
o= hijﬁ Z 36047 % 10° -em”
Skerspiivio svono centras
= % ={025m

Mesuplegsjusio skerspiivio atsparumo mamentas

E F o3
Wi===1{4x 10" - mm
T

Plegimo momentas
Mg = fama - W= 45147 . KN -m

Moan = fm- W=282% k¥ m

Jlanks=

wiMp) =k pidap) - L7
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Supleidéiusios sifos dinkis

Skerspiivio redukavimas [armatiinos pakefdimas betonu)

o= — =9.29] A= - Ag=T47x 10" - mun
Em

SupleEsusio skerspiivio neutraliosios adies padéts (& Bou pusiauswros Fo=Fs)

1 AR Ay 0.13300754001465038268 [ 0136
e b= Rt Rt J R = i i L |=| |
¥ Im. | lm lm: \ 0195665923111 9692258 1 | 0196 )
zy=0.136-m

SupkBsiusio skerspjinio inerciios momentas apie neutralia asj

| ; 3 o |
b+ les- Ayl - ld—ag” =9228% 10 m
1)

h-}q:[:‘ .
p—

ot \

In=

|_p|§

SupleEsusio skerspiiivio krefvis:
:-I*_p E -.\L:[ﬂ

My = Mp=18688 . k¥ -m = —— —— =7.087- W m Mp = MaaMaa+ dMp. My
L
o Mgl =
E|:|11' g
Foeficientas werfinantis apkrovimo trukme: Paskki koeficientas:
B=1 tumpabike apkrova M %
M) = 1- |
caf Mo B-| =
Vidufinis kreivis
M;
pri M) = ——
Em-§
oy My} = pyi Mgl ag Myl = pg Mg
of M) = ¢ M) - e Myl + {1 — Mg - gl Mp) wiMp) = k- of Mgl - L°
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PALYGINIMAS SU EC2 NETIESINE PRIKLALISOMYBE:

i 031
Deformacios: _ ) 5
e £ = 07| 10 3 =
_ MPa _ cl _ = _ mal cl
Eric = 0,000 = lil‘:r_[ == Eml = 00033 dl:m e ——
10 10
B = Eefic, Bl + dEcc- Ecl En = Ec1.E01 + - Eqnl
Tamprumo modufis:
y 03
F s =22 fm | -ePa=20260.cPa
| I0NPa
ltempiy-deformaciy kreivés:
£a 5
k=105 EmEm - — =2278
r %
| P -
L5 (e s (o)
cEC = | T Ect Em! = fm
A — et E
AR R e
g En |
o-E palyginimy grafikas
Perdirbto betono ubpildy kekds - 5%
0
2 :
- "'\_'
| -,
£ “--ﬂ
b
i 1005 0, 00e 0,035 £ 12 i i el i3 [N {1 2 L] 03,004

Deloerradcios e §-]

| Féartinns-Lage ot &l., 2012) = Gratika pagal (8 i (41) ooy —

A.3. 5 pav. ¢ — ¢ grafiko palyginimas su EC2
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~Ecl - rEoul
gl L8]
Erl \ Ecl )
S:E = fcm ._cliE;__
1+ (k-2)-— |
Eel
=g "]
_ L Ea
Sce=131Tx 10 " MPa
dros plotas:
£ : rEqul
N
. EI:]. | E,:} |
Hep-= Lo - (EREE
E¢
L=y e—
Ecl_
" Ecl
A =0.062 - MMPa
3ec
Y= — o= 000191613
oy =
Eql — ¥
k=
€l
Itempiai figlros svoro centra:
e ()
. . Ee1 Ea
'J'Lyﬂ;l.}'i:h = I 2
i T
el
'ZFLyﬂ'."l:'

<7
gz fa
k __|_
Ecl | Ect
- Emdfeu
B O
Egl
!
Em I Eau |
E E
cl cl
dEqy
Em
1+ k--—
£

Tepdyel =158 MPa
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*  Neufraliosios aSies padetes apskailiavimas Cautos rekEmes:

di=h—dy
o 00035 it
b= —————
o B i
00035 + — Epm= 0356
5
IF.F {]-Elm
"'i.E=|}.:-!- m
o f].'m'-""—:.i
oo iy d
z=00Tm
Fe=og b o Fo=45024 kN
Fo=fm- 451
=45024 k4
F~F,=0-KN Fy=45024-12
+  Lakomol gala:
X = - -b-x —k-x
pne o i ol =l o) Mppca = 186189 - KN - m

*  Momentu pusisusvyra
M=o -fp-b-x-k-x
M;=14168 . kN.m
My = fym-4q-d
Moy=200.357 - KN -m
Pasibkrnimas:
M, - M, =-186189 . kN -m
Mpgm = 186,189 m - kN

Ekzperimento ir EC2 lakomosios galios palyginimas
Mp=18688 -EN-m
Mppm = 186159 - kN m
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ILINKID SKACLAVIMAS
Neosuploiséiusios sios inkis:

"n.

Mp=013T-m dippo = -

-

Kroivis:

k= % koncentruota apkrova apkrauiai siai

Mipca
preciMipml = ———
Emerz-I
linkis:

wrec Mieca) = k- prEciMigcal - L7

Supleisdjusios sijos flimkis

Skerspiivio redukavimas (amatiiros pakeiimas betonu)

E,

3

iy =
EmEs

= 5833 Ag=as- Ag=5494% 107 - zum

Mipm = Mg Mp+ ddip. Maa

Suple#éuisio skerspilivio neutraliosios aSies padébs (B Equ pusisusviros Fe=Fs)

1, 2 b (4 | A ( ~0.16354009186300328504 | _ (—0.164)
Lopeoat S ol o) el o -
AT [ 2 Lonessossamessisan J | o2
zg=0.12-m
-SUDE.@'“ Shskﬂls_.;:lij"'."l}i ﬂi':-!}ﬁ- MCT ﬂhﬁﬁp’_ﬁ- I'IEiJ!]E.Iﬂﬁg{"

 bemp 40 : SR TR T
I]IEC']'= - _SISEIIT; —|l.'|'.5_-.-s._q]_|-|v.'1';—F{!'_;I =T.2343= 10 Fiv
i i ol ki

M, ~ Mg

Mypca=Mppro=18618% - kN-m dgpm = — =T7087-kMN-m

Mppcy = Mgg. Mqs + dMmecy. Mypm

Mpees
poEcdMpeca) = ——————
EemEr? - ImECD
Koeficentas verinants apkrovimo frukme:
B=1 trumpakaike apkrova

20
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idudinis krenis
Mprpo

e Mol = ———
Epecz- It

orpeal Mo el = precst Moec)

| 58 | = i Mype) - opepeiMpepea) 11 - & {0 } - o pral M |
Gl VITECY A ILECH! - ST ECH A TLECY, SILECH ™ IEC2 TECH I EC2

Hirkis:

wrpcH Mper) = k- gt Mpgpe) - L

PALYGINIMAS SUACLI18M11

anec Mo ecal = preca Muecal

Ribingé gniusdomoi betono deformaciia;

£, = 0.00233

Statinis momentss:
~Ecl
Bep = | ool gea - Zeeldieg T
“Eglc
Fratiros plotas:
E¢l
1 = il | I I3
g = i TectlBepn 1 dEc g +
" e d
Svorio cenfras:
G
ity
Yoo = i
Hee
e Eon = Mex
Eq

"=

]
1T el Epaz | - Eoeadecen

“Egl

I '-'-"l:.rlrcc.r_"' flde ccl

5l

Gautos rekdmeés:
5., =6011% 107 - MPa

A= 0042 MPa
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Laikomosios galios apskaiciavimas:

+  ftempiy esantiy fempi deformaciu grafko svono centre apskaitiavimas

Bl eel e

o alv. b= !_I_ 5593167381 - 3, = + 2388428550 ., 'I+a.1e-jec-1453]}.ma Teatl¥ec) =22.973 . MPa

PieiSéimo modulis (tenpiamiasis betono stipris)

=1 ,=25%-MPa

W= 1 nomakoje svorio betonas
£

£:=062-X- | P2 = 3155 WPa
B a

£
Eemacs = 4700 | WPz = 23.919.- GFa
‘||| 1 3
+  Neufraliosios adies padétes apskaifiavimas
O cab¥eel Gautos retismés:
T o = 0887
d=h-4d,
d=045m
X f_\m'-%-;l
o A fLh x=0.078m
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Jéqu pusisusvyra

Fo=a_-f,.-b-x F.=45024 kN
Fop = - Ay Fop=45024 - kN
F.-F,=0-EN

Lakomo§

My =0 £ b [d-K x)

Lenkins momeni pusiausyra

M= O e B B B M,=13452-K¥-m

My =fm-An-d Mg =200357-E-m
Patikrmimas:

M — My =-186.905 - kN -m

My acr= 186903 - EN .- m

Mz =18688 -kN-m

Mg 5oy =186:18% - KN - m

}'!'L‘[{'I =186905 - kN -m

Inercios momentas:

T S T Y R T T

Pleif&jimo momentas

Mepacr = f‘TI*=3:.snss-m-m

[ki pleEeiimo veikiantis kenkimo momentas:
Moao

}'llg =0kN-m d“\'lLiCI = 0

by gy = g, My + @y gy Mepiaer

velkiangs lenkimo momentas:

Mpao=Maacr Moo~ Dlpac- M
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Skerspiivio redukiavimias (amatiinos pakeiimas betonu)

o= —— =8.361 Ag =0, Ay =6723x 10" - mm”
Emact
SuplkeiEsusio skerspilivio neutraliosios afies padefs (5 Equ pusisusvyros Fe=Fs)
gy | 1 'I Aq  ( 0.13013058554504960286 |
—\mgglT-— = — —Egy |- — S S L
2 Y T TS T g 1s3en151350088407496 )

lm™

=y = 0.130130585545 04260286 - m

SupleEaiusio skerzpilivio inercios momentas apie neutralia asi

3 2
— |+ loy- Ayl (d-xg) =8.501x 107

i I 7
ac1 e ACT
LMpael = | — : _| |
|- 3‘-111_&'::_| = Mpac |
mm%i@!ﬂ Eima -
o i honcentruota apkrova apkrautai sii
Mpact
praciMrac) ==
Loom ACT Is

vy ged Myacr) = - praclbyaeh-L7

Jinkis nuo pleBSimo pradios & amuatinos fekejmo:

My aer

PracdMpapl=s ——————
Emact- WMpact

wrach Mpac = k- ppaciMpam)- L™
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
200
180
160
140
120

100

[0
o

LENKIMO MOMENTAS, kNm
o)
o

D
o

~

o

JLINKIS, mm

=50 % perdirbty uzpildy  ==——EC2 ACI-318

A.3. 6 pav. Lenkimo momento — jlinkio priklausomyb¢ pagal tyrima, EC2 ir ACI
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(Martinez-Lage et al., 201 2). Betono natiraliy uZpidy pakeitimo perdirbtais kiekis - 100%

ltempiy formmules:
- \ |
o atEeal = [I, 4328434762 £, o1 + 1903890371 - £ | + 0.300327508 [MPa 42)
o pil€e ) = 21.4MPa 43)
Deformaciu reikimés:
Egpe =10 Eel o= 000235 Egy = 000234
o-g palyginimy grafikas
Perdirbio betono uipildy kickis - 100%
”
e
=
G
5
E 15
hEL
o - - - L !
] 0, DTS (K1) 0,15 o.002 0025 illent]

Delformocijos & [4]

- {Martiner-Lage ot 2l 2012) = s Grafbkal pagal {42 ir (43) formules

A.3.7 pav. ¢ — ¢ grafiky palyginimas

A.3. 3 lentelé. Deformacijy palyginimas

Deformacijy paleinimas
0% 0LODDAE (IR T 0.00001
[y 0L.000R1 O.DDOET 0. D000
BN .00132 0.00E2T 0. 0000
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Statinis momentas:

==c] rE
S.e= [ TeerlBeer ) - By dEge + IoealCeall  Eppndie
" Egitc Yl
Figiros
P o
A= Nocal€ea )l dEca + | localgc el dE. o
Elle |
Sworic centras: Gautps rekémes:
 Se S.c=6022% 10 . MPa
s
“leg
- A =0.039- MPs
Em ~ Yo .
p=—— ver = 0001557
Eq

ko=10387

Laikomosios galins apskaiciavimas:

*  [tempiu esantiy fempiy deformaciy grafiko svono cenire apskaifiavimas

.

TeatlVee) = [': —4328434.762 -y, + 19058.90371 - v ) + 0300327508 |[MPa

opellvee) = 10422,

*  Sios geomenios r amavino parameirac

Sija amuciama 41§16 apatiol
b= 0 25m b= 0.5m d; =0.055m
L:=6m £ = S00MPa

f_,m:= 1135 f_rl‘. = 560 - MPa

B %

Ag=8Mx 10" 'm

E, = 200GPa

Dipgyr = 4
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«  Betono vidutinis gniufdomasis stions:
fom = 21.40F2

*  Tamprumo moduls:
1% kylantios tendenciios linfjos SsreBkiu deformacia tes 047,
£ )

= = [I,—43:s434_.-52 By + 1905890371 - g4, ) + -:13;:&3:"533] -

| 0003158750481 423660382 |
| 0.00048730703596384882272 |

0.4-

gc = 0.00048730703596384882272

(04 Sl
Fem'= —— = 17.566 . GFa
EC
+ MNeufraliosios agies padéties apskaifavinas
N Gautes reksmes:
s TR oe=0591
d=h-d
d=04im
_ f_t'm g
t_uc fp-b x=0.092m
*  Jegu pusiausvyra
Fo=op £ b-x F,=450.24. kN
f;F = %m._.!,_sl 1:5}. =450.24 . kN

fc_l:;!,l=|:|']i1':

Lakomoi galia:
Mg =g -fm-b-n [d=J-xl

Lenkimo momenky pusisusyyra

b= O feni o e M=16107-K-m

My =£n-4,-4d Mo =200357 -EN - m
Patirinimas:
| M,;:,.=—13-1.15 BN m

Mp=18423-EN -m
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fnw = :.11.';:.[1 —|%H = 1.476

foim = fmy - IMPa=2426 . APz

fegiiee ma_\{:'l.ﬁ— |- £ G| = 3.88 - M

1600 -m
NesupleiSsiusi v metrat
Inercijos momentas:
L= bf‘ T TEE | ey
Skerspiivio svono centras
%= L ={2%m

MesupkEdjusio skerspiivio atsparimo momentas

E i 3
W=—=10M2=10 - pm
Wt

Pleiiei
Mog= g W=40417 -k . m

Meem = frm- W=25268 -k - m

ILINKIO SKAICIAVIMAS

Neosuploigéjusios sios ilinkis:
Maa

=

Mp=O0EN.m  dMp=

wiMp) = k- pgby) L7
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Supleigéiusios sios finkis

Skerspiivio redukavinmas (armatinos pakeiimas betonu)

o= — = 11386 A= A =9154% 107 mm™

i0 neutrainsios afies padéts (i ¢

1 5 e \ Aq  (014758273710549165309 | [ 0.148 |
—-{=m] - —-m| as — ! = |
2 Im | lm 11:.1: —0.20081 54 206409934227 B
mp=0.148 - m

SupleBajusio skerspiivio inercios momentas apie neutralia asj

B- xﬂE b)) !; - 3
= ——— +bomp- | — | o5 Aa)-(d-=n” = 1078 % 107w’
SupleEéisio skerspiivio kreivis:
- . My—Maa -
My=Mp=18425.18.m W= '-—n =7192. kN . m Mp=Mgg Mgg+ddp My
My
pri Myl = —
' Em- I]I
Fosficientas perinants apkrovimo Tukme: Pasiskirstymo koeficentas:
A=1 tumpalaké apkrova it '.-':'-Iﬂ-_ﬂ 2
g BT - My
Widufinis krehis
My
i Bdgi =
Em &
o Myl = prl Mgl ol Mpgh == pg Mgk
of Myt = (i Mgl - og Myl + {1 — Mgl ) - o Mgl wop My == k- eal ] - .
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PALYGINIMAS SU EC2 NETIESINE PRIKLAUSOMYBE:

Deformachos: . BT
| fom | -3 Ecl - Eml —Ecl
Eepc o= 0000 Eq =07+ -10 degr = — Eggl == 00035 depy = ———
oo tl s | fo'd 10 ol fus} 0
Ec = Edfic. B + dEec- £ Eqn = Ec1.Ecl + 4Eqp.- Bl

- 0.3
£
Empra = pa | - GPa=27641 . GPa
\ 100Pa 'l
Iternpiy-defomaciy kreiés
Eqp
k=103 L— =1d451
fm
£ T ] |
Kk ——|— g fa [ Ea)
Tepmal £ = £ 5t L5 Erl Ecl
cECI el S N TIOR= O
5 S £¢ T ECY Sn! = I -
Yy o
: Bis I+(k-2).-— |
b Egl |
o-£ palyginimy grafikas
Perdirbto betona uipildy kiekis - 100%
i
EN]
b
&
=
E- o
| s
u '\
= \\
b 10,0005 0,001 00015 0,000 0,005 [0 0,005 0,004

Defarmiacijos & [-]

o | Lt e - Lag e et sl 2012 = om w Grafikai pasgsd {42 ir (23] Tormides — D

A.3. 8 pav. ¢ — ¢ grafiko palyginimas su EC2
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e= - Ecul .
£ (e 1 Ecu Ea |
s Ve \ea
See= | fm || edeer | fm|——————— | Eadea
. E Em
1+ (k-2)-— | 1+ &-2.—
E Eel | £l
a |
: i "
S.c=L078x 10 7. hiPa
dros plotes:
el . i S i
" fas |Et Il Ecn I'El:u
. iz o ' Ea Lel "L_Ecl !
Spp-T - deg + fom- | - digy
€ ol
1+ik-2y. — 11‘:':&““}
£l L Ll
Ecl
A, =0057-MFPa
‘5:.E =
i e v = 0.0018831
ol <
Eml — ¥
k=
Ll
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Ikempiai figlnos svoro cenfre:

e 'i': £ | — |
Teyo ¥e! = Im ':Fl:.pt':'-"l:|=:l-3 76 - hiPa

el
=598

+  Meulrsliosios adies padéfes apskaifiavimas G s

EEm = £
0.0035 + = Eim = 0.536
Es
x; = d- Ky
EE=I}.J471.1:|
. hmoAg
o a-fm-b
==0.084m
Jequ pusisusvyra:
T S ey Fo= 45024 kN
Py = fom - A1
2 =450 24 K
F - Fy=5821x 107 0N By -uaem
+  Lakomei gala:
Mg o (ke Mppe = 182833 - KN -m

+  Momentu pusiEusvyra

M=o -fnp-b-x-k-x
M,=17324-EN-m
:'-Ig_\r:= f}m.‘lﬁli’l

Pasitkinimas:
M — M, =-182833-kN-m
Mppe=182833 m- kN

Ekzperimento ir EC2 lakomosios galios palvginimas

Mg =18425 - EN-m
Mppc = 182833 BN -m
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1L SHAKIAVIMAS

Mea
Mg=0kN.-m dMypcy= ﬂ—': Mipm = Mg Mg+ &Mipa Mag

k= i koncentuota apkrova apkrautzi siai
43
i Mo
PEc Mipml = ——— —
Emeca-&
linkis:

wipcH Mreca) =% - precdi Mipcal - L7

Supleigéjusios sijos flinkis

Skerspiavio redukavimas (amatisnos pakeiimas betonu)

-

=723 Agg= 0 Ay =5.818% 10° - mm™

i & (4 \ Ag [ -0.16905058772275779016
- | - - —_ |
Im |lm PR L012251028342080545052

zp=0123-m

SuplkeiEsusio skempilvio inercios momentas apie neutrala a8

b= 3 Cap” 7 ol
Ipgcs = 1?1 thomp | | 4 (- Ag)- (a -2 = 7583 10 Y
SuplksiEsiusin skempilvio kreiis:
M, -M_g
Mypca = Mppo= 182833 W .m ddgpo = *—&E =7192-k¥-m
Mpgca= Mgs Mga+ Mpgcs. My
Mpecz

precMpoec)l =——————

Etmer: - Inem
HKoehcentas periinents apkrovimo tnekme: Pasiskirstymo koeficientas:
Bg=1 tumpaiake apkrova { Med V

‘:EECEJ':‘I]IEJ:']“:I_B': -
Vv MEEC |
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Widutinis krevis

it Mmec

| I | = ——

PrecaiMpEcal = ¢ ok

ogecl Mpeal = precol Mo ec! amec) Moece) = preciMpecs!

{!EE?I :"I]IE{F_"l = I;]:.'E.C'll :\I]]'_'Eczl L"E_'EEEI-}"IIL'E‘-CII +11- {:]]'_EQ;I‘-[E[‘QIH ﬂrmlhinml

limkis:

wpEcy Moecy) = k- ogoal Mppaml - L

PALYGINIMAS SU ACE318MA1

Ribiné gnuFdomoi betono deformaciia:

£, = 000254
Statinie momentas:
#Ecl S
See = | loeclEcal e de. g + logealecenl) - EcadEcen
" Egdc “Ecl

Ecl Scu
__ i 3 =
A= [ I'|:"-:.-cl|':|:.|:]”!"G':-:.v:l T [ |D'L_52|E,:_,:3|'|GE“:

S =
Svorio centras: Gautos rekEmes:
s i D 5,.=6033% 107~ MPa
Jee - A

o A__=003%. MPa

B
b= — ¥, . = 0.001559
e

k= 1386
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Laikomosios galins apskaidiavimas:

ltempiu esanéiu tempiu deformaciu arafko svono centre apskaifigvinmas

3 ]
Tl vee) = [l_ ~4328434762 - 7, .~ + 19038.90371 - v, | + 0300327508 MPa o, 3y, | = 19492 -]

Pieid&imo modulis (tempiamasis betono stipris)
£=f_ =214 MPa

=1 nomabkoj svoro betonas

£ =062 1-1] “; - MPa = 1.868 - MPa
hiPa

Tarnpruno mcduls:

=4

| .
E =47 - P =21742-GP
rm ACT . MPa 2

Meutralinsios afies padéties apskaitiavimas

S _— Gautos refkémes:
. ceeloc
e T o, =0.911
T.= !‘.—d]
d=0#5m
o f_lm'-'lhl
T = [1092m
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Fo=o-f,-b-x F.=450.24 - &
FI:F = En:\. E -:'-sl F‘.?" =45024 - kN

}'!Llﬂ['-="ll:' f\:m box- |&_k:' =)

Lenkimoe momentl pusiausvyra

M. = e hexak s J
M=o -fn-b-xk-= M. =1607- 1. m

My =fm Ag-d Mep=20037-E7-m
Palikrnimas:

M, —ML, =—134 287 - EN-m

Mg arp=184287-EN-m

Palygnimas:

My =18423-EN-m

Mpeca=182833 - kN -m

My acp=184.287 . KN - m

Inercios momentas:

Lo L=2808% 10 com

Pleizei =

¥
M, aci= e =29876- K- m

b

Ik pleE&imo veikiantis kenkimo momentas:

Mo an
20

M= 06N m D o=

Mygppi= Mo My + dhly gy Mgy

Nuo pleBsimo ki ammatines Ekéimo veikiangs lenkimo momentas:

}'If ~Meao _

M= Mpagg=184287 kN-m  dMpag= e =7721-kN.m

My aer = Myaer-Maaor + @M acr- My
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Skerspiivio redukavimas (amatinos pakeiimas betonu)

o, = =9.192 Ay =0y Ay =T7.396% 107 mm”
Eomacr

Supleausio skerspiivio neulraliosios afies padéts (& ou pusiauswyros Fo=Fs)

SupleSéiusio skerspilivic inercios momentas apie neufrala asi

b -xﬂs B |: - =
L=~ bom | 5 | +fa- Au)- (- m)” =5158x 10 e
Efekhywuss nercios momentas:

(Moacr) (Moac )
(Mg acd = I e o AR
iy | 1‘-!11_5-:::] | Mpaez) |
kis iki pleise
4

k= — koncentnuota apkrova apkrautai siai
45

Mrac
pracidMragt=———
Coomn ACT - I.:

-

wracd Miacr) = B pracdMpael-L7

finkis nuo peESimo pradios & amatlnos iekéjimo:

M
} Mpam
PraciMuagl =——————
Emact - L Mpaer)

woact Mpac! =k ppaciMpag)- L7

394



LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
200
180
160
140
120

100

[0
o

LENKIMO MOMENTAS, kNm
o)
o

D
o

0 5 10 15 20 25 30
JLINKIS, mm

=100 % perdirbty uzpildy  ==—EC2 ACI-318

A.3. 9 pav. Lenkimo momento — jlinkio priklausomyb¢ pagal tyrimg, EC2 ir ACI
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Bendri rezultatai:

LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
200
180

[
H O
o O

120
100

LENKIMO MOMENTAS, kNm
N OB O ®
© © © o

o
o
[0,
=
o

15 20 25 30
JLINKIS, mm

0 % perdirbty uzpildy =50 % perdirbty uzpildy
—— 100 % perdirbty uzpildy

A.3. 10 pav. Lenkimo momento — jlinkio priklausomybé nuo perdirbty uzpildy kiekio

INERCIJOS MOMENTO- LENKIMO MOMENTO
PRIKLAUSOMYBE
300000
< 250000
€
o
2 200000
|_
=
w
2 150000
=
8
2 100000 —_—
&
£ 50000
0
0 50 100 150 200
LENKIMO MOMENTAS,kNm
0 % perdirbty uzpildy 50 % perdirbty uzpildy
——100 % perdirbty uzpildy

A.3. 11 pav. Inercijos momento — lenkimo momento priklausomybé¢ nuo perdirbty uzpildy kiekio
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B Priedas. Skai¢iavimai pagal 2 metoda

B.1 priedas. Skaiciavimai pagal 2 metoda. (Hamad et al., 2018)

{Hamad et al.. 2018). Normaliojo betono bandinys (NFN). Perdirbto betono wzpildu kiekis 0%

e Sjos geomeinios ir armavimo parametrar

Sijos ammavimas
bl s b 03m Prappgr = 20mm n g =2 cc = 30mm
Tarpatramis Pstirryp = Smm
L. =18m Efektyvusis sijos auksts:
Atstumas nuo atramos iki apkrovos pridéties: Prebar .

d=h—ec— q:mrmp —————=0252m
a= 0.6m £

fom = 632MPa
= =
[ &, har ¥ ]
Ag =] - chcicd | |'nrehar =628.319-mum”
» Betono vidutinis gniuZdomasis stipns: E, = 200GPa

£, = 33.4MPa

+ Pleiséimo momentas

s ‘-l‘lu;l [ fom Il — 3112
S S R ETEYY |

£ = o 1MPa = 3.112-MPa

fotm g = max | 16-

£, £ |=4978MPa
1000.-m ) ctm “m”}
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Creformaciios:

o 031
o I{!]II.
. MPa | - 3
_ _Fel e, = =2077= 10 _
cl:"j.{ = 0000 dl:l:.(‘ = E el 1000 . ) . |I‘:m1 —EE“
Eeul = 00035 ey = —
: E_=E..E 1 +dE . E
B =€ 0o Efct ¥op-Ee] b ezl 2l
Tamprumo modulis:
(i O3
~ = Y| AxPa= 3 i
EemEC2 = 2{ =] GPa=3159GPs
ltempiy-deformaciu kreives:
- Sl
ko= LOS B pryo— = 2063
o
E [ \ 2
o _i S Een cu |
S T LI
o e =1 - h oo €1 L&)
RBCH Ch - o s TenFCH Eon! = o ;
I+k-20— : C 1
€1 1+ &=-2—
- Eel
[TEMPIY-DEFORMACLL) PRIELAUSOMYBE PAGAL EC2
40
m
" Y. ol a8
7 N
\-\.
. A \h
F) L
3 F, N
§ /
g + LY
.l'r.
/
ri
1 I-"I
.".I
/
f
al
uooon o ooos &N aonas oo opory &, oo oones oonan
Dl oo e
—— P pesriny whkdy
B.1.1 pav. [tempiy ir deformacijy priklausomybe pagal EC2
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£l r N Eenl :
L el !' Ex | Ecn on |
£ | & E E
. S T I el A\ Cel
Bpe = formy L‘ Code.+ & e
1+ &-2— L4 e 2)—
Eel L el
"o EL'].
8. = 0.00017-1MMPa
Ecl B A Ecul r "
Ik £ £ ',_ | ; Son B |
£ £ | E E
cl cl/ el el
- cm | d'c-.. . oo | d"Em
EE‘ EE?.E
|1—I:|:i—-'r | | 1+{k—2)
| £l 1 L £.1
e Ec1
A . =0057.MPa
Figinog svorio centras:
5
yoim v, = 00019639
TEL
Hernpiai Sgires svono centne:
!k Yo ¥e i
i | %a1 | Eel
r —; o
Teyel¥e) = o} ) O el ¥o) = 33,306 0P5
| Ui fe—2)— |
L ga1
T el e £ -
= = = 7 =3
Ty b k= ———= = 0439
cm Lol
+  Neutraliosios asies padéties apskaidiavimas Cimiting refEmas:
E}m' 'J. J].
=
wofo b
x=000m
JéQu pusiausvyra:
F_ =397.087 kN

Ei = b

Fo=fmaa
: ) F:_,_.= 07097 kN

F,~F,,=0kN
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Mp peo = op fp b d — Eoxj
Momeniu pusiauswra
M =a f bzk=x

M:}' = fj.m"l"‘:l'd

Pasilrinimas:
M. —-M_ =-89679-kN-m

}-IR BECI= 96Tk -m

ILIMEIO SKAICIAVIMAS
Nossiploisaiiion: sk lnkis:

S Siusi v e

Inercios momentas:

[

b
L= =45 107 em”
12

Skerspjlvio svono centras

b

b e 13m

NesupleiEsisio skerspilvio asparumo momenias
b! =

W= =3 10
%

Mo ™= fue g W = 14.934-5N:m

My et = e W = 9.3365N.m

M q
My=0m  dp=— Myi= My Mg+ dMp. M,
Kreivs:
A
=
M= ———
EmEecyh
[linki:
Y e
wiMy) =My

14
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M. = 10385 kN m

M =100.060-kN-m



5 i dqusios xios gk
Sherspiivio redukavimas (amatinos pakeitmas betonul

o, = ——— = 6331 A= oAy =3978% 107 mm
Eem EC2

=pp = 0.0821891373230003 39618 -m

Supkeisjusio skerspilivio mercios momentas apie neutraka adj

by’ (=) 2 4 4
Ip= —— b | — | = fou Ay (dogg = 15170 10 e

i el

M.o-M
aor = i o - PR | (v £ PP i
.~I:__ = MR EC2= 89679 k-m -:E.-"-IH = = 3737k -m “I]_I = Mcr.ﬂ-‘”c:.ﬂ + -:]l"«IH..E‘-I},

i)
]
-1
P ”]:[.5 =———
EmECyII Pasiskir koeficientas:
Koeficentas verlinants apkrovimo fukme: i 3
! Mes
B=1 tumpalské aphkrova M) =1-8] —
1

|
\idutinis kreivis
B
(Mg =———
e EmECYh

oy Myp| = py My ot My | = i By ki
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PALYGIMIMAS SU ACEI18M11

Ribiné gniuFdonoi betono def -

€y = 0003
Statinis momentas:
5 - .

.ki_:_‘:: {
. Eel =

Sce= fo & c s

E
B T
- bl
‘g

Fagiros
rl - 3
% f 5
| S c
[ el 1
Ape=| —
! 1+(k-2) c |
L Ea |
b |
Figlros svono ceniras:
B3
E.c
L ¥, = 0.0019639
Ao

(]

B Eel Eel
UL“.}'E':]’E,' = fm
I+ (k-2
el |

“Ecul _ -
! k- E':u -I. E|'_“1.1 :hi
V=
| i | |
| Ee1 LEel/ |
13 i‘:’ﬂﬂ: :cﬂldE{gu
| 1+ {I-;— '1j ﬂ |
E 1 |
| - cl |
"B
“Ecul = i
Een : Eeg
£ lE
fcm el el tc‘u
1+1(k —3}_3 .
Eel
“fa - -
Te yel Vel = 33306 MPa
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Laikomasios galios apskaidiavimas:

PeiEdimo moduls (termpiamass betono sfiprs)

£=f. =334 MPa

=1 nomahkop svono betonas

—_—

A
f,= 082X |

v MPa

-MPa = 3 583 MPa

Tamprumo moduls:
AT

f

L=

: I
Eemacr = 4700, |1

a

MPa=127.163-GPa

+  Neutrsliosios adies padéties apskaitiavimas

el Ve Gautos rekines:
Ve i o, = 0.997
d=0252m
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f_',rm"q:l
r=——
e o b

FI: = ""\:'f|:1.1:11:"'EL
F:_v T f}m A
F.—-F, =0k

MR_..‘!I..G = Ll.cfmbx :Ii = kc-E:l
Lenkimo momenty pusisusyTa

M{: = c'f::m'h x'kc X

M= 0 A d
Patikmmimas:

M.- Ms_‘. =-82.679kN-m
Mg pc7=59.679kN m
Mg peo = 39679 KN m
Mg ac7= 89679 m
Inercios momentas:

RT— 4 4
Ig'_ II =45% 10 cm

Pleibai o

L1
I\-{ﬂ.ﬂﬂ = T = 10749 kN -m
St

Moy acT

Mg = 0kN.m My 1= —

Myacy = Mg, My + By poy-Moac

MNuo pleEsimo ki amnatiiros tekéjmo velliants Enkimo momentas:

M, —My acT

My acr= Moy acr My act + Mg ac- My

x=006m

F, = 397.097.kN
F,, = 397.097 1N

M, = 10383 kN-m

Mﬂ, = 100.065 kN -m

=306 EN'-m
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Skerspiivio redukavinas famatinos pakeiinas betonu )

o= ——— = 7363 gy = 0, A = 4626 107 mm”

1, 2 b {d | -‘:'*51 5—0.13355539431765016T94
) s e
= 1

Im |\ lm

ml i (08729236373 TB52939857

=pp = 0.0B7202363737852035857 - m

Supleajusio skerzpilivio inercios momentas apie neutraia asi

=

boap (=g . i
T 12 thag| — | TlogAgfd-a[ =169 10 m
Efskyvusis inercios momentas:

3 F 3]
(M 3 T
LiMp act) = | Mﬂ-ﬁﬂ 4|1 M::'.ACI i
ALT L MACT

finkis i pleiSéimo -

k= % koncentucta apkrova aphrautal siai

o My

PLacTiMyact) = T
em ACT Ig

wractiMiacl = kppacMiacal L

Jinkis nua dios ki amnatinos ehéjimo:

iy ) Mpag
PpactMoacl = .
; Eem ACT L Mp acT)

3
"pactMoacy = ¥PraciMpaclts
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ACI318, Eurckodo i ekspermento momento-inkio priklausomybes palyginimas

LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
100
90
80
70
60
50
40

30
20 /
10 ” /

0

LENKIMO MOMENTAS, kNm

0 1 2 3 4 5 6 7
JLINKIS, mm

0 % perdirbto betono EC2 ACI-318

B.1.2 pav. Lenkimo momento — jlinkio priklausomybé
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{Hamad et al.. 2018). Perdirbto betono bandinys (NF40). Perdirbto betono wpildy kiekis 40%

Sios geomeics F armaving parametrat

Si0s amayimas
b= 03m b= 03m Brohar-= 20mm nppe =2 o= 30mm
Ta i Bt = Smm
L :=1fm Efektyvusis sios auksts:
Atsturnas nuo atramos ki apkrovos pridebes: Crebar i
d=h-e -ty ————=035m
2= 0.6m T 18

£ = 631MPa

0 5 -
&q= |:'.rrl b }.nm-ﬁ_r = 628319 mm"

Betono vidutinis aniufdomasis stors: E, = 200GPa
£y = 30.7MPa

-

foom = Topm o 1MPa = 2.976.MPa

f. h
f =maxg| 1.6
i fl {' 1000-m

[

fopmof, m:-‘ =4.76MPa
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<In |
E \ BfPa f —3
el Eq= =2024x 10
€..=0000 de =— el 104D [€cul ~ Sel)
e LT = 00035 deg =
gl = Wz o 10
P R Y Pl T fea’™ el el ¥ dEeu-Eenl
Tamprunmo modulis:
03
E | GPa= 30.801.GP
e BC2 - el BT ATt
ltempiy-deformnaciiu kreives:
2t k4 c':]' =137
k= 105Eg, poy— =212
(s}
o iy (s
—_ Bl | Eel) -Ecl - a
TeECATe) = fom E Cen FC 1| Ec“u:’ = fl:~1.1:L' .
14+k-—1) ¥ B ] 1 Feun
: et 1+ G&—2—
£a
ITEMPIY-DEFORMACIIY PRIKLAUSOMYBE PAGAL EC2
ap
5
30
25
g
g' 20
£
&
15
10
5
1]
10,0000 0,0005 30,0010 0,0015% 0,0020 0,0025 0,0030 0,0035 0,0040
Deformacijos

- 40 perdirbiy ulpildy

B.1.3 pav. [tempiy ir deformacijy priklausomybé¢ pagal EC2

408



€1 : Ecml i
e ) k_E_“fﬂ'
Ear lEal . el LBl -
Spa = fon % EpdE, o % Em
I+ k-D— 1+ (k=-2)—
£l £l
o "y
EE.{: = 00016 MPa
Figliros plotas:
Ecl - 4T +Eeul r :
U A ‘i_cm_|'t_'-"u|
£ £ £ £
: _ | el el/ | el el
e fn:l:n': c b2 o | & d'E.'.“I.E
| | “eu
|1+ &k-2) | |1+ E&-2)
L el | L el
] Ec1
A .= 0.081-MPa
Figiinos svono centras:
5
E.
o= — v, = 000194759
g
Htempiai fglros svono cenfre:
e _I e |
_ 5 ——! Eo]
Teyel ¥e) = fom = e vel V| = 30.662.MP2
1+ E-—
L £:1
Tp el T E -
o = | R
g 30— 0.999 L
(i} £
cul
Meutrahosins asies padéfies apskaiigvimas Gaulns reksmes:
f'.m"]"
xi=—
afo b
x=0.065m
Jéqu pusiausvyra:
Fo=o-f  bx E.=397.097-kM

f::.r' N E_tm"'l"sl

F.—F,, =0k
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*  Lakomof gaia:

Mrpce = S bwba(d - key) Mp peo = 85,6631 m
+  Momeniu pusiausvyra

:'LIL' = u‘t'fcmaxl\:x

M, =11405EN.m
M,y = fprA d

M., =100.062 kN-m
Pasidrinimas:

M, - M, =-83.663 kN m

+  JLINEIO SKAICIAIMAS
Nesupleiséjisios sijos ilinkis:

NesupkeSéisio v i

Inercios momentas:

bi
= =45 107 cm’
Skerspilvio svono centras
b
P 015m

1 3
W= =3 x 10°mm’
Tt

M., 0= fopm g W=14281EN-m

:"icr.m:m = t"mm- W=892TkN-m
Mea
:"L:I = 0kMN.m d:-.II = . - }\II = J'LID E\I{l + dI\II }'I{!I.ﬂ
Kreivis:
MI
oMy =
Emzcah
Jlamkys
L
3-1'_,_ T —da
M) o My
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Supleiséjusios sijos iinkis

Skerspilivio redukavimas (amatinos pakeitmas betonu)

1 b d \ A1 0.083028864193262327041

=gy = .0830288641932623274] -m

Supleijusio skerspilivio inercios momentas apie neutrals asi

B P
I = 3 +bxg- T! - ,:%-_i:1}-|.d—xH|]= 15346 = lﬂ*-cm-j

—
7 A-DI23RITI02TOS1I15176I6

SupkeEssio skerapiivio kreivis:
M, -M,q
;-I}_ = Mg oo = 88663 K0m dpp = —— =3.71%EkN-m M= M o a.h
M
e [
P My =
fcm.ECi 'III Pasicki kosficientas:
Koefidentas perfinants apkrovimo rukme: M 2
B:=1 trumpalake apkrova CiMy)=1- lﬂ'" .\L;r |
| Bl )
Widutinis kredvis
M
T
mMgl=c———
Emzcoh
vyg{ Myp) = py M) ey Myp| = pyy{ My [mkis
:
; : B
of Myy) = C{ My |-oq{ My} + {1 - & Mg | |-of My} wyg{ My} = —
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ILIKIO SKAICIAVIMAS
HE\S@JE JLUSioS SM- Jﬁ ﬂ N

NesupkEéjusio skerspifvio parametrai;

Inercios momentas:

(]

S LT
12

4

Mo cin ™ L W=3851TEN-m
}'[Ci'.EI:III.
My = 0kNm Ay = ; Mp=My My +ddp. M
My

Myl =

EmEcah
[l

5 ey B
wpi M) = == pr My
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s i e s gk
Skerspiivio redukavimas (amiailinos pakeitimas betonu)

o= =613 Aug= oAy =408 x 10 mm”

i0 neutraliosios asies padéts (& g

A1 [ D0E302B864193262327041 )
—%
3 L p1238375007081 1517616

Im

e

1 R
Loea2 .
> LY 7 Tl

= = (083028864153262327041 -m

SupkeiEsiusio skerspilvio nercios momentas apie neulraks as

-

‘E-k‘ﬂi (=m | 2 14
By —b-:;H-|T_| + oA Hd - =) = 1546% 10" cm
e
ML= My ey = 85,663 0 m &My = LS _ ey Mp=M M dMp - M
Tt R T Y Sl R 3 TR T Meretm* ™ erctm T UL
M
il
ppiMp) = ———
g EemEcrn Pasiskirstymo koeficentas:
Koeficentas verfinants apkrovimo rukme: P 2
G-=1 tumpalke apkrova Mgl =1- ﬁ_l B E“rI.-:un
. Mg
Vidutinis krevis
3-_!
, My
pylp) = ————
EemEcah
g My | == pri M) oty My | = pppi My | [Fikis
ool Mirr) = CrfME I-LI.I['?‘LI b+ (1 =M |'--L'¢1-'?‘LI 1 N R
Myy) = Cqpi Mg l-oqi My i M} -oq M) wp| M) = ———— oMy
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PALYGIMIMAS SUACEI18MA11

Ribiné gniufdomoid betono deformaciia:

[ 0.003
Statinis momentas:
Statinis mnmentas
=] r o] ~Ecul I 3]
E - | E E 0.r
AL | ) AL |
E | E | £ B |
5, = : cl el " £ cl cl &
< em e o) [
E. Cen
1+(k-2)— 1+k=2)—
E gl I= cl _l
0 s

Fiaiiros plotss:
"EI:]. - 'l_| I‘Eﬂl.; r 1
ikcc IEE'_: 'k':r_-u | €eu
£ | E.] | el I Eql |
e G T
[ 1+ (k-2)— 1 G-2— |
L Lal L E‘-‘l_
1] “Bel
Figiinos svono ceniras
5
E
¥ = — ¥, = 0.00194759
SEL
ftempiai figlinos svono cenire:
e e
s Do N a1 | Eal
ey ? al oy ¥, 'Crc.}'.':f ¥ j| = 30.662-MPa
1= k-1 —
Eel
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Laikomosios galios apskaiciavimas:

Pleigéimo modulis (tempiamasis betono stipris)
£ = £, =30.7MPa
3 = 1 nomakojo svono betonas

|’T

= 062N [—
E | MPa

MPa = 3.435 MPa

Tamprumo mcdulis:

—

_ | & _ .
Eop ACT = 4?0'3-\' s MPa = 26.042.GPa

Meutraliosios adies padéties apskaitiavimas

o v Gautos refkimés:
o = cyel e
£, o, = 0.999
d=0252m
.= ﬂjm"':"sl
’ o, £ b x=[0065m
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*  Jequ pusiBusvyra

F,=af, bx F, = 397.097 kN
Foy = £ A1 Fy, = 397.097 kN
F.—F,, =0k

*  Lakomof galia;

Mg acr = e bx(d - kox)

* | enkimo momenty pusial

Me = o fom Brlek M, = 11405 EN-m
M, = £ A d M_, = 100.069 kN-m
Fatikrnimas:

M. - Msy =—88.663 kN-m
Mg ac7= 88663 KN m
Palygnimas:

Mg pcy = 88,663 K m
Mg acy = 88.663 kN.m
Inercios momentas:

Lo=f=45% 10" e

Pleis&iimo momenitas

ke
M acp=— = 10306 N m

¥

Ik pleE&jimo veikiantis kenkimo momentas:

Mo act

My gqq =My My = dMy po7- My aq

MNuo peBéjimo ki amatines tekéimo veikiants Enkimo momentas:

M, - M
A
M, = Mg pcy = 85.663 KN'm dM g = —————— =3918KNm

10

Mpact=Maact Meacr - Mpacs My
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Skerspiivio redukavimas (amiatiinos pakefimas betonu)

o= ——— =768 = oAy =4826 % 100 mm®
Emact Aeq

Supleiéhusio skerspilivio nevtraliosios adies padéts (i Equ pusiausiyros Fe=Fs)
1, 2b (4 | Ay (-0.13700981836014408463 |

—| [T — — gy q O, —— —* |
3 VI "5 " e WSS 1ol | |0.088754762983364616393 )

xpp = 0.0BET54762083364616353 m

SupeEaiusio skerspilvio INercios momentas apis neutraks asi

=

3 2
i = | "
de=— Shapp| — | = oAy sl = 1752 107

Efeltyvusis nercios momenias:

3 [ 3
LM ac) | Moaa) 1 o M aa) -I
Mpac)=|— | &H|-|—— |
| My acy | L I Mpaer) |
finkis ki pleiSai
k= A& koncentructa apkrova apkrautai sigi
43
. _ Mg
maciMiac =3 — —+
cm ACT Lz

waciMiac) = kpracMiac )L

linkis nuo pleBimo pradZios ki ammatlnos Ekéimo:

M

T ACT

o acTiMpact = = o ;
e ACT Tl MTT pcT)

%
v actiMo acal = kerm acti Mo Ay
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ACI318, Eurckodo ir ekspermento momento-iinkic priklusomybés palyginimas

LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
100
90
80
70
60
50
40

30

LENKIMO MOMENTAS, kNm

20
10

0
0 1 2 3 4 5 6 7
JLINKIS, mm

40 % perdirbto betono  =——EC2 ACI-318

B.1.4 pav. Lenkimo momento — jlinkio priklausomybé
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{Hamad et al., 2018). Perdirbto betono bandinys (MF100). Perdirbto betono u@pildu kiekis 100%

Sios geomeirios F ammavino parametrai:

b= 02m b=03m
Tarpatramis
L =15m

Afstumas nuo atramos ki apkroves pridétes:

3= (.fm

Betono vidutinis gniuFdomasis siions:

£ e NGl
Ao 29.5MPa

Peisimo momentas

i -
=2 e o2 =20
fc, . 12 |.1:|:1 T |_ 2912

£ = Fagm - 1MPa = 2.912:4Pa

g b
i = ma.{ 16— il =
cima £l | 10040 otm _13:ﬁ:|

Sios amavimas
ey = mm w0 =1 e = S0
Dt = S Grehar 2= 12mm
Efektyvusis sios aukits: Bygharl = 2
Orehy
d=h-ce—d g ——— =0290m
£ = 632MPa

Prebar I

Ag= [n| e | :|-u.mhar = 628319 mm

E, = 200GPa

dy = e Doty T

i Prebar.2
i

4.65%-1Fa
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0.7 —
= L \ama) o |
el g,="————==1590x 10
B b de e R 1000 |Eeul = €a1l
£ = 00035 de=———
2 16
E. =Eq,83+dE. E
+"i€c.c~"[cl o cl:®el cu-Feul
£ 03
GPa=30435.GFa
\ 10MPa /
£el
2165
r-:‘m
£, E. Y 3
L— - — | k.E_‘m _| E_“‘
Bzl 1\ Bal Ecl L EeL ]
§ W Oea ECH Een) = o c
+ ik -2
T ey 1+ (-2} T
cl

ITEMPIY-DEFORMACIY PRIKLAUSOMYBE PAGAL EC2

35 |

30

% / N

2 |

Jtemplal, MPa

15 /

ot
0,0000 00,0005 0,0010 0,0015 0,0020 10,0025 0,003 0,0035 0,0040
Deformacijos

s 1 (0% peerdlirbity whpiiy

B.1.5 pav. [tempiy ir deformacijy priklausomybe pagal EC2
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£y E ~cnl T -
£ | g Con | Cen|
b—] E— —|
Ecl 1B Ea1 L Eel)
Spe= for A £qde. + Lo P en ey

1+ (k-2 — L+ (k—2)p—

Eel L Eal

o "Bl

dros plotas:
Ecl - i #Ecul o 5
|- & E. 1 | 1 € £
c < | Tk ik
Yea \ea) '*E'[c_d
Ay £.4 s ot Eoil |: e
L+ {k—3) 1= (k-2—
L a1 | L Cel
0 = |
Ao =0.078-MFa
Figdros svono cenras:
1
£
Vo= — ¥, = 0.00194004
“E.C
[ternpiai giros svono centre:
;k Yo ¥aol
| ; i Eel i)
O AV = -1 o by
o =l 1+{E&-I ¥ Toyel V| = 294750 MF=
:_ g1
IJ':_ '_I.'::, s 1 _
G S k= ———C = 0446
cm E 1
ca
MNeutrabosios asies padébies apskaitiavimas Gaulns reksmes:
E:.m';‘ﬂ
agFoh
x=0.06Tm
JEOu pusiausvyra:
F.o=o 6, bx F.=397.097 kN
-f'_].' 7 Elm'l!':sl
F_ =397.097.k1
E.-F_ =0k ’
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La i gala:

Mp ECo = O oy Box(d ~Epx| Mg o = 88 148 EN-m
Momeniu pusiausvyra

M. =af bxk x

M= f A d

M, =11921kN-m
M, = 100.069 EX-m

Pasiikrinimas:

M, - M_ =-85.148 kN-m

Mg pCy = $5.148 KN m

LINEKIO SKACLAVIMAS

N a5 i

NesuplkeEéiusio skerspiivio parametrai

Inercies momentas:

[’

L= i I
1'\

Skerspiivio svono centras

w=—=015m

1o | e

HesupleiEsjusio skerspiivio alsparumo momenias

I ]
W e Y i

e g

Pigigéimo momentas
M, = £ g W = 13.976-E1m

Moy et = G W=8.73750Nm

M
My=0kNm A= — My = Mg, Mg + dMp. M, g
Krehis:
pri ) = _L

' EomEcyh
[Linkis

. b
3L —4a

)= )
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Supleisejusios sijos ilinkis
Skerspiivio redukavimas (ammatinos pakeiimas betonu)

F
I
]
]
A
i
(=
J
[]

A =4120 % 10w

&iis (i Bou pusiausvyros Fo=Fs)

1 ik @ | A (0.083428181169272314056 |
1 oot d & e
V) e G T 2 \—012471777192941062706

xpy = 0083423151169 72314036 -m

Supkeisjzio sherspiivio nercios momentas ape neutraka ag

Mp=M_ q:M, g+ dMg. I'{'

-

= | . & o
Ip= e ]2"1]:[-| T | +la-Aqpd—wpl =156= 10 cm
SupkeEdjusio jlvio kredis:
M_-M_ g
M, = My oy = 88148 m dMp = —L T =370910m
M
p( M) = ————
EmEcaln Pasiski koeficientas:
Koeficentas vertinants apkrovime fukme: Fii 3
. ; o e
g= trumipataiké apkrova ¢ My} =1~ H"i 1:1
Rl | |
Widutinis krends
M
(M| = ———
L EmEcyh
o M| = pyf M ot M| == prri Mg ks
= | 7 SE e 7 ¥4,
Lﬂ:*tl]:[ll = ':HI_Z\EHI'LI]I-I:'JJH il L,]III'\-.{]IHI-LI.I{_:'JHEI “]I{:"i]:[,l _
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ILINEIO SKAICLAVIMAS
Nesupleisdjisios sijos jlinkis:

NesupleEdiusio skerspiivio parametmai

MesuplkeEéusio skerspiiivio alsparumo momenias
5 -

Wo=—=3% 10 mm’
R

M, 2= fom W= 13.976N.m

Mo o™ By W=8737ENm
}"ICT com
:I"IC' = 0kN.m df-II = "—{| :\\-II = :'LID :"'I{I +dh !I }[EJ'JZ‘I:L'IJ.
Kreivis:
hd
i e
pri 2yl =
EemEcyh
[l
3L —4a
wpl My) = = -pri My
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5 i wios gk
Skerspiivio redukavimas (amalinos pakeitimas betonu)

E. -
o, = ——— = 6571 A= oA =4129% 107
EemEC

Supkeisjusin skersnilvio neutraiosios adies padéds (& ou pusisuswros Fo=Fs)

A1 Q.083428181169272314056
Ta2 L —0.12471777192941062708
m

[

| > b . |
) - | — —xpq o
m Im

zpp = 0.083428181168272314056 m

Supkeiéjusio skerspilivio mercios momentas apie neutraks asi

1 6 (=m | 2
Ip=— +bapl— | + (oA {d-xg) =156 % 10" e’
Supkeiéisio jiivio kreivis:
M. -M
i i — I ¥ pha i croom — T L S
M, = Mg poy = 88141 m dMpy = = IOTLNm  Mp=M_ . M+
Lo My
Pl Mgl =<
EemEc2ln Pasiskirstymo kosficientas:
Koeficentas perinants wino frukme:
z I'I-I:“'t’tﬂl:l |
A=1 trumpaliké apkrova e Mpl=1-p ™
Ly i
Vidutinis kreivis
M
My
Mpj=———
e EmEcah
ot My ) = p M) e Mg i ol M [linkis
1 ¥
ol Myp) = Gl Myp Jooqp My ) = |1 = i Mgl )og Myp) e 3L —4a 5y
TIHMHET T 5y N
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PALYGIMIMAS SUACEI18MA11

Ribiné gniuZdomoi betono deformaciia:

B 0,003
Statinis momentas:
el r o ~ocul F a7
£ £ |. & fe_ 1"
oy PR | WL P
Ecl €l ) | el | Bl
Spe= £l = Eode, - fom = | -
1+ (k—-2)— |1+ @-—=
= %l L el |
“0 "5
S o = 0.00015.MPa
~Ec1 r . J_' Eul r 2—
ik E. | 2 i [ Eea | Eem
Lol | Eel | Eel !.Ecl
A= fl'_'lII.I de, + T - o
14— l1+@-2— |
L 1;:1 N N EE]._
"0 "Eel
Fiadros svorno ceniras:
5
E.
Ve = z ¥, = 0.00194004
£
Itemipiai figiros svono cenire:
o F LT
Eel | Zel 'I
o dv )= ——— ooy o
cyel’e =) Yo O el ¥e) = 20478 MPa
TSR -f 2
€l
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Laikomosios galios apskaiciavimas:

Pieissimo modulis (tempiamasss betono stiors)

£ = £, =29.5MPa

% =1 nomaboje svono betonas

—_—

; | &
= 062 |

£ MPa = 3.3673Pa
y MPa

Tampruno mcduls:

—_—

3
Eem ACT = 4?::::--\" — MPa = 25.528 GPa

MPa
+  Neutraliosios agies padéties apskaifiavimas

j'-.}m"'!"s.l

o £ b
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Gautos rekEmés:
o, = 0.999

d=0252m

x=006Tm



Fc = &E.fm.b.g FE = 397.097. kN
IFS}. = :“,m Ay Fz}_ =307.097-kEN
F.- l:s].r =0kN

+  Lakomoj galia:

Mpag=oofpbeid-kx

+ | enkimo monenty pusiausawa

M= o b Dl M_= 11921 Em
M =€ Agd M, = 100.069 kN m
Patikrnimas:

M, -M_ =-85 48kN-m
Mp acp=88148kN-m
Palyginimas:

Mp pry =88 148 m
Mg acy=88.148ENm
Inercios momenias:

L= =45% 10" cm’

Pleiséi 9

g_.
M,y a0t = e i
- -

Iki ple&&jime velkiands lenkimo momentas:

M
” _Moaa
My = (Nm My pcy = ———

My gp= My Mg =My a1 Mo acr

MNuo pleBsjimo ki ammatlinos tekéimo velkiants enkimo momentas:

M, -M.aa

Mipact=MaacrMeact + M acr- My,
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Skerspilvio redukavimas {amstiros pakeiimas betonu)

E

5 .. 3 2
o e = 7835 A = us-Aﬂ =403 = 107 -oomm
Eom ACT ':"eq

b d oA

5 [ —0.1386789345402626134 |

1 3
= — = — —Epq —= |
y L) |\ LSS 1l 0.089452203371830606155 |

Im 1

xpp = 0.0894522033718906061 55 m

Supeaiusio skerspilvio inercios momentas apie neutrala asi

=
&

3
by = | 2 —4 4
I, = shap| = | = (o Ay (d-xg) = 1778 107 Ve

12

Efekbyvusis mercios monentas:

LMmacl=| Mgy L= 1

[ Meract) L[ Meac :J
ACT ) |

linkis &i pleBéimo

k= % koneeniruota apkrova apkrautai sigi

_ - Myaar
raciMiactl = T 1
e ACT g

" aciMraa) = ¥rractiMiac Ly

linkis nuo plegsinmo pradZios ik armatires fehéimo:

Mpact
Eem acthLiMp ac7)

o aciMp actl =

:
wAcT Mo acT) = Epmact ™M acy)Ls
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ACI315, Eurckodo ir eksperimenio momento-iinkio prklauscmybés palygininas

LENKIMO MOMENTAS, kNm

LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE

100

90

80

70

60

50

40

30

20

10

o !

0 1 2 3 4 5 6 7
JLINKIS, mm

—EC2

=100 % perdirbto betono ACI-318

B.1.6 pav. Lenkimo momento jlinkio priklausomybé
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Bendri rezultatai:

LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
100
90
80
70
60
50
40
30

LENKIMO MOMENTAS, kNm

20
10

0
0 1 2 3 4 5

JLINKIS, mm

0 % perdirbto betono 40 % perdirbto betono

———100 % perdirbto betono

B.1.7 pav. Lenkimo momento ir jlinkio priklausomybé nuo perdirbty uzpildy kiekio
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B.2 priedas. Skaic¢iavimai pagal 2 metoda. (Knaack & Kurama, 2015)

{Enaack & Kurama 2015). Perdirbic betono wpady kieks 0%

* S5 QEOMERips T ANTEmD parsmetrar

Shos ITTEVITES
b= 0.15m b= 023m g = 160 Doy = 2
T Pegionp = imm E, = 187GP2
L, = 158m Efektyusis sjos auksts:
At=murnas no atrames & aploves prdees: om0

2 0. 765m
Lo = ST1MFa

| Poebar | | 2
Ay ] | gy~ H02124

fom = S IMP2 = 3,290 MPa

T b B
o = mas;—| 18- s |'§:un~f|:u:|1_f - 5.177-MPa

el - ~215T 1073
Cepeo= 0000 deoom BT = 1000
{Equl —Ecl}
=S fene T S0 £y = DO0ES o™ BETI
Tamprurro modks: B Ecl Ee] ~ $Eoy- £
"'cm |
I ) | GPa-3ARGR
o 10 E
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e ir' . .Er:u'r:-!
| %) N oy
; < B T T e A
k-2 | [, T
d [ EE]._
JITEMPIY-DEFORMACUY PRIKLAUSOMYBE PAGAL EC2
40
35
30
25
s
g_ 20
5
15
10
5
0

0,0000 0,0005 0,0010 0,0015 0,0020 0,0025 0,0030 0,0035 0,0040
Deformacijos

— 0% perdirbty uZpildy

B.2.1 pav. [tempiy ir deformacijy priklausomybe pagal EC2

433



Fol r 77 i - T
I e v | S e
B _l s ) =l ; Erl |
I:-"E-I: = f.:I:EI.! :'EEdEc"' %ﬂ cmli‘_:m
|1+ @ | B N
L Ec]. i L Eef
g e |
S: o= 019 MPa
Pigliros plotas:
cl W el - -
e e o (fay |
. S .o 7 8 Y o . e 1 O R
A‘;':- fI:U:I.I—EdE;_" '—Ed:m
1+ -1 I+ 0&=1)—
| L | Eel | 5
B - - 0 - - A, =00ETMP
Figlimes suoiio cenfras:
Sec
Vg = — Yo = 0.00198651
Aep
i fiplirees swono cenire
¥ i
e
i =l cl
oy Ve ) = S| — Y ""n:.}'c'::'fﬂ = 37.175-MPa
1+ik -
=l
"-'|:.1_,'|:|:3|'c| z PR
o A M S T
fcul
f}'m"q'si
ol ®
: - YmfEIm
JEgu pusausyT:
Fom et F, = 330.015.4N
= L Aq)
F.—Fyp= 0N Fyp= B30015EN
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Lakomon gais

i L = -n- _I' - =
MR_ECE’“:‘GJ:'”"E[ L':P-| Mp pra=410km
Momentu pusausnwya
Mmoo Lo bukx
M, = 4103kN-m
M= fdAd
_1!. K .11

M, = 46003 K8 m
Ty
M, -M_ = —18ENm

Mp gy =41.0-EN-m

ILINKIO) SKAKCIAIMAS
Mesupleitéjisios sios ilinkis:

A i i oy ;
NEncios momenias:
3

=2 15200 « 0%t

L2
Sherspivo svodo cenfras
¥y o I—l =01l5m

7!

. 3
I

Wi & 21327 105
%

—

My = Eopy W = 6979 EN-m

Me; oo = Loy W = £363-B-m

Moy )
My = OEN-m -ﬂhfln-? Iy o= Ml W < e Mo g
Freis:
My
My} =
g
{linkiz
L’ -4a

wy M) = —— My
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SipleiEdisios sios ki

oo reduksvamas [armatinos : bestinniu

E, 3 .
iz E_ - G.028 A,Eq:- ing- Ay = 14804 107 mam®

m

: i e s B

LIPS L S A5) | DUD6SE4TSIO64553 370488
—qdxral- g bt —————3 ||
2 VI g T TS T L pegnamasanagsioniesTe

lm

Ty = (LOG5B4 75506306533 PHEE -m.

+bur| 2| + (s A H{d -] = 579 < 107’

1%
Sl Gk i .
; M_v' Mo
Mo=Mppm=4l8Em dMp=- - 1. 746 k-m My = M a.Mo g+ dMy. M,
My
rmiMg)=——— . .
Ew'n Passkrstymo kosicentas:
Fioeficentss verinants T ukeme: M, 1
¥ | f
A= 1 Tumpalake aphrova g Mp)=-1-8 ——

My |
\fidutnis kreiis

My
M| - ——
o M| EI:[EI'II
of My} = M) ag{Mg) = eg(Mg) linkis

o My} = (M |-coqy{ My} + (1 — (Mg oo M) wMp) = -ET.,L.‘ M)
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PALYGINIMAS SUACEI18MA11
Ribiné gniuZdomoi betono deformaciia:

oy = 0003

Statini momentas:
Statinis momentas:
Pl r 57 £ml :
E I E 1 [} E |
e | e | on | Tem
itk o hs
5 Sl | Fel) Eal 4 Eel
Y fom e o’ - Conoy
1+ (k-2 — | e e
L el Cel
o £l
5z - = (100019 MPa
£l . Enl i e
g |gSen_[Een} |
. 0 ‘ Exl Exl | E:l Ea1 ) |
g Im ] e fm cu
1—:|.'!—a—1}-E“ |1+ GE-2—|
L']. "C]. . _ -
0 Jeiq = = Ay = 0097 MPa
Figidnogs svorio ceniras:
3
¥ = — ¥, =0.00198651
“Er
Mempisi figiros svoro centre:
L L |
N i Ez1 |.£c1.-
Tevel¥e! = Tom’ 5 U'E_}.E-:}'E:J = 37.175-MPa
1+(k-2)}—

€1
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Laikomosios galios apskaiCiavimas:

PleiE£imo modulis empamasis betono stipis)

fo=f_ =3T40MPa

T Tm

N

1 nomaoje svorio betonas

AR

E
£ = 062N =
Y3

-MPa =3.792:MP=

&

Tampruno medulis:
f.

s |
EQIJJ_.—";CI = 4-"3':'-‘.| F

i a

-MPa = 28.743.GPa

Meutralinsios afies padéties apskaifiavimas

. Ec.'_t'.:' ¥e |
Dﬂ: = ;
C

438

Gautos reksmeés:;
o =0.994
d=02m



IIIR_QL{:[ = U‘c'fl:m'b'x'i d _kC-E;I
Lenkimo momenty pusiausvyra

M, = a.f

oy Dowlox

M. =

By f:m.t'

A qd
Patikrnimas:

M, -M,=—49Km
Mg arp=4L%EN-m
Palyginimas:

Mp pra =415001%-E-m
Mp app=41.900185-kN-m
Inercios momentas:

L:=] =152 x 10%cm’

E ppor: nitas:
f;'Ig _ .
}'[C‘]..-'L[I o= ~,_- =5014kM-m
-t

ki pleEéimo velkiantis kenkimo momentas:

Meract

I'.lﬂ =0k m d:‘II.-'U:I e 0

Mpaep= MMy + @G g Moy i

Muo plessimo ki amatines Ekéimo velkiants lenkimo momentas:

M, -Myaa
I'-L'_. =M [R_J‘CI =41 EN-m ':E"I]:[..‘!LEI = —m

Mp acr= M acrMeaa + My acr- My

x=004lm

= 230015k

FI:'
F,, = 23001514

M, =410 EN-m

M, =46.003kN-m

=18k m
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Skerspiivio redukavimas (amatinos pakeiimas betonu)

E. i ¥
u_d:=:—=6.85-|- A=A =2736> 107 mm-
Lom ACT g

Supleifsjusic skerspilvio neutraiosios afies padétis (E igu pusiauswyros Fe=Fs

—_

1, 2 b | d | Ay ( 0L069302539319264912775
o] F— = | —= =z o
% V1L lm Im L1 i =0 1060303 2256679515405

=y = 00603025393 19284513775 - m

b= §
boxyy [ | = =
=0 “”-‘JI|Ti # (o Ha-ag) = 63720 107w
Efskbyvusis nercios momentas:
¥ L, ¥ Sy
AaCl | Mer AT
IE' }'!H..-'-_Cll = : —U = | 'IE =|{1- r —WI
\ My act) © My aca
Jinkis ki pheiSainmo ;
k= %‘ koncentructa apkrova apkrautai sisi
Mrac
PracMiacl =3
em AT g

“raciMpach = MrraciMiac)ts

finkis nuo pleEsimo pradZios ki amatinos ekéimo:

M
MACT
P actMm actl =

s Ecm actkiMp act)

H,

v act M act) =k ppaciMmacrils
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
45

B
o

w
(2]

w
o

N
v

N
o

[y
]

LENKIMO MOMENTAS, kNm

[y
o

0 2 4 6 8 10
JLINKIS, mm

(0 % perdirbty uzpildy  es—EC2 ACI-318

B.2.2 pav. Lenkimo momento — jlinkio priklausomybé
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b= 015m b= 023m
Tarpatramis
L, - 168m
Abshumas nuo alramos & aplrowos prdetes:
2 = 0.765m

. B s i i
Lo o= 36.7H P2

E|:l|. & '_-:
o o= 0.000 d,.{_{:.ﬁ cl

S = Epfie-Ecli + $Ep -]

Tamprume modufs:

|
B
Egg =1 ——

T APn = 31 495G

Sios ammavimas
"hlﬂﬂ: = 1 6mm Lhar == 2
Petimp = 10om E; = 107GFa

Efektywusis sjos auksts:
d ;= 0.2m
£, STIMP

1

Agom|w] ﬂ?”l gy = 402124 o

. (Eenl — £ct)

Epgy = 00035 e, m

fo= Fel Sl T T f
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[ .}-i F B
1.%_1' |k5cu {Em|
Ea1 lEg ) i PR Jow
s 'EC’"[EEI‘"ﬁ:m : “'m_'EC:l.im} = fm cl Ecl
I | i
i il
- L =E1_-
JTEMPIY-DEFORMACIY PRIKLAUSOMYBE PAGAL EC2
40
35
30
25
s
g 20
S
15
10
5
0

0,0000 0,0005 0,0010 0,0015 0,0020 0,0025 0,0030 0,0035 0,0040
Deformacijos

——50% perdirbty uZpildy

B.2.3 pav. [tempiy ir deformacijy priklausomybé pagal EC2
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p el
fm 2 [Egpdiey
I+(E-2 _':'JJ
Lo |
S p = 0u0010-MP2
Figlires piotas.
cl r = ml o a3
£ £l £ Eqg bl |
;T Pl | geiete EL
| Bl \&d) L = L e
A= | 5 de = o & [y
eE-n— | 1+ E-2—2
| L Tl L B 4, - 0085 M
i ] £ =
Tl ¥, ] = 36503 MPa
T el e | . -
i 1< L P Sl ¥ .
Tt Eoom - 454
Ecul
N osios 45 i _— iR
- f:n::."q'si
st f
2 = 042
Jegu pusausyTa: * -
Y A
Fo = 230.0615-kN
Foyi= G Al

F, —Fop=-281 « 107 2K

Fop= 23001589
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Lakomoi qalia:
'}I'IR_ECJ = uzf:mbx_f,:' = ]5.:'3{]

Momentu pusiausvyra

Pasikmimas:
M, -M =—418141m
Mp pro =41 814N m

ILINKIO SKAICIAVIMAS
Nesupleifdjisios sijos finkis:

NesupleiSéjusio skerspjivio parameirai

Inercios momentas:

Las

b-h
12

L= =15200 % 10" -en

Skerspjivio svoris cenfras
== =0113m

IE= q

NesupleSaiusio skerspiivio atspanime n

I "
Wi = =1329% 10 s
-1

E‘Il:!'.ﬂ = f{mﬂ'“r = 6013 M-m

Moy pprn = Fopry W = 4321 EN-m

LY.

'}"Il:l = 0kM-m dl-.[I =

2
Kiohvis:
My
i M) =
Eml
I]'EI.].-
;W gy o

445

1;".-.!1 = 3‘-[,:..‘1"-{9 -+ dl"-II..z'-Ir_.r_ﬂ

Mg pca = 41.814KNm

M, =4.1895Nm

M, =46.0031-m



SupleiSaiusi i ki
Skerspiivio redukavimas (amaitnes pakeiimas betonu|

o = —— =6.062 A= oAy =2438 % 107

L. 538 d Ll 0.065997514415957676193
i |— = — — oy i, —— —
y VLY yn T\ LT Ll \-D.0S8S01825TAISSIE6116

xp = 00659975 14415057676193 -m

SupleBaiusio skerspiivio inercios momentas apie neutraks ad
I:I‘K’H-: II 1]1 :
IH = + ?:--:cH-'. =

12 2

+ o ‘:"'1 |- d —?;]I|'= SE15 = 10:'4:“1114

Supleijusio skerspiiio krefis:

M_-M
= = 14137 Tyt ordl =7 TAS LM .
M}_.— MRECE =41 814 m d.‘L‘-{JI = "—E =1.745kN-m Z'-{H e "Icr.t'.'l‘[m'.ﬁ + &I\{H..}-%.

M
prri M) = =
Ee 1T Pasishirstymo koeficientas:
Kosficentas pertinantis aplkrovime trukme: o 3
3:=1 tumpalakeé apkrova ol MH; — 3| T"-I_v,._:z J
T | 5
Vidutinis kreivis
M
\ I
PiMm) =
E-:m'II
ol Myy) = py My eqp M) = pp| My i
o Mg | == Cpp( Mg -eeqy| M| + (1 = gl Mgp) |-og) M) 3L —4a
Myy) = Gorl M| eoqpl My + {1 = gl My ! PRTLOR OB e L M

446



PALYGINIMAS SUACEI18M-11

Ribné gniuFdomoi betono deformacia;

E oy o= D003

Statin P~

~Ecl - — rEml Ay
Iy e | BT ] f_[fa|
Exr W Ba1) . Exr L Eel)
See= fonr | Z Ep €, T T = cn® o
1 (k—— T4 k= 2)—r
|l | c1
"0 €1
5. . = 000019 1Pa
Figiiros plotas:
~=c1 = Eeul T 2|
L E: | €. i Eon | Een | |
= Eal | Eel, | Gl LEel) |
fee= | fmf——— et | i —— — —lén
1+&-2) |1+ k-2 |
€41 L E:1 i
i -Ecl
Figdros svono ceniras:
3
v = —= ¥, = 0.00198267
':LE.':
Itempisi fiqiinos sworo centre:
S
o m E.1 | Eel
O Yol = Tom ¥ o, v, | = 36.503-MFa
1+ (k-2 '
Ex1
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A = 0095MPa



Laikomosios galios apskaiciavimas:

PieiSaimo modulis (fempiamass betono stipris)

£.i= £, =367 MPa

%=1 nomabojp svono betonas
K

£ =062 | MPa =3, 736-MPa
y MPa

Tamprumo moduls:

£
LS
E. = 4700 1dPa = 28.473.GFa
cm ACT J MPa
*  Neutraliosios adies padétes apskaifiavimas
Tl ¥l Gautos reikimés
i, = ‘ " =
C fc a; = 0.995
d=02m
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t_-.m' 5

b

)

Oty

JEgu pusauSVTA
Fc = uc'fcm'b'-s
F:}' = E_lm":':].

FD —f:}_= —0-EN

Mp a1 = O b box{d — ko)

Lenkimo momentil pUsiausvyra

Ilrl{ = uc'fcm'h'x'ke':«’-
h131":= f'-m';‘:..]_'li
Patikrinimas:

M, - M, =—4181410m
Mg acp=41814 KN m
Palygnimas:

Mg g = 41813997 6¥.m
M 5 cp= 4181399710

L= =152 10"cm’

Pligsiimo momentas
£

M arr= = = =4 0675 -m
t

ki pleBdimo velkiantis kEnkimo momentss:

M act
I\ID = 0k m d‘”I..—";CI = T
My aci =M My + My Mo i

MNuo pleBéimo ki ammatines ekéimo veildants lenkimo momentas:

’.‘-’fT e B
. 7 cr.ACl
D!\ = _.-I:R ACT= 41.814.EN-m ':.I‘IH..-!L(I = —'\n

My acr=Mg acr-Mep acr + g acs- My

x=0042m

. =230015EM
F.. =230.015-kEN

=

M, =4139ENm

M. =46.003-kN-m

=1842-kN-m
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Skerspiivio redukavinas (amatiinos pakeimnas betonu)

E. P
o= =651 Agg=ouAy = 2782 107 mm”
Tom ACT
Suplesiusio skerspiivio neutraliosios asies padélis (i ou pusisusvyros Fo=Fs)
Lo ¥ [ 4 | A (D.069561615967428000149 |
— = — = — —m7 e — —
LY T T T ST S T _giinesss1o9s527390389

lm”

=y = 006856161 5867438000149 -m

SupleSéusic skerspilivic inercies momentas apie neutralia asi

[*F]

Pl i [ M| g 3 55 B
L= —3 —h.xﬂ.[ | FlecAg)ld o) 64T 10 T m
Efektyvusis nercios momentas:

3 .5:
, C( Magaca [ Meact) |
R P o Bt et e g D2 Epammmed B
\Mpaca) | \Mpac) |
Hinkis ki pleit
]5:=4i_ koncentruota apkrova apkrautai siai
3
Mracr
PactMiaal= g —+
cm ACT s

wracMract = krracpMrac s

Hinkis nuo pledsjimo prad=ios i ammatlnos ekéjimo:

Mpaa
em ACTMp acy)

P aciMi actl = =

vractMoact) = FPopaciMp acthls
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE

LENKIMO MOMENTAS, kNm
NN W W s N
un o »u o »u o n

[y
o

0 2 4 6 8
JLINKIS, mm

e 50 % perdirbty uzZpildy e EC2 ACI-318

B.2.4 pav. Lenkimo momento — jlinkio priklausomybé
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(Knaack & Kurama. 2015). Perdirbto betono iwwpildy kiekis 100%

+  Sips gecmefrios ir amavin parameirat

S0s amavimas
b= 0.15m b= 023m Prebay = LOmm. By =2
Tamalram & = 1lmin E =197GPa
L. :=16m Efektyvusis sios auksts:
Afstumas nuo atramos ikl apkrovos pridéties: =02

= U
2= L765m
£ = 3TIMPa

et = 402128 zem”
+  Betono vidulinis gniuzdomasis shiprs:
£, = 37.5MPa
+  PleiEaimo momenias
=J.121111—| |=3:‘C13
fomx T
Fon = Figy o 1MPa = 3.303.MPa
| b T s
£ = max| 16— o B | = 5.2840MPa
| 1000 - m )
Deformacios: g A 3t
) lem |
= 1 » []
| MPa ) =
E.1-F T =133 % I}
E = 00
el e .
SET 10
o [yt —Ec1)
R R P s | Eogp = 00035 degy = T
Eon = Be1-%c1 +d£|:'u“£i".l]
Tamprumo moduls:
i 03
o T3 [ r':m | GPa =32 706.G0:
R T It
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[tempiai, MPa

o |

L Eel |

I
iy

TenEC e

| e
- L4k =2)—
Eel

T

JTEMPIY-DEFORMACIUY PRIKLAUSOMYBE PAGAL EC2
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N
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N
o

=
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0

0,0000 0,0015 0,0020 0,0030 0,0035 0,0040

Deformacijos

0,0005 0,0010 0,0025

= 100% perdirbty uZpildy

B.2.5 pav. [tempiy ir deformacijy priklausomybé pagal EC2
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rEcl i T #El - 2
o) | poo ()
; E I E 11 E ' £
el \N=el) | R &1 1Ea
fee T fom| E :'ccécf 3 T ¢ | cu ey
1 Ek-D— 1+ E--—=
] { 3 ;
L EC]._ EC].
e el
S o = 0.00019-MPa
Figliros potas:
'El:l I 171 EL'I.I.]. T T
= U |y fen _(Een| |
G €l | Eel | Ei3 ez} |
el B e L I
L+ (k-2p— '1_{}_33__“1‘;
| | €1 |
el E el | v mess
i Jegq Ap o =0.087
Figiliros swvono cenfras:
5
Vo= — ¥, = 0.00198705
A
“ee

3 Yo [ % '|'
(5= £ Eqof E:1

T el Ve !+~ fomr Yo g-c_?_cg-_rcé, =37271-MPFa

I+¢k=-2)
Ecl
: el e R
a, = —f =099 L{ - EFoul =% T
ke Ecul

Gautos relEmes:
Etrm":ki]
o fyh
x=004lm

JEgy pusiausvyTa;
Fo=of b=
F::.' = £'.1n"*:,1

F.-F_ =0k F, =230.015-kN

F.=230015EN
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Lakomo galia:

Mg gpoy=o £ bxid -k =
Momentu pusiausvyra

:‘-IE = u_‘,-fcm.b.:{.k:.x

Moo= gppagd

Pasithrinimas:

M_—M,_ =—1912m
}'LR_ECZ =41 912-kM-m

ILINKIO SKAICIAIMAS

NesupleiSgjusio skerspiivio parametrai

Inercios momentas:

[

b-h

17

L= 15708 % 10t et

Skerspjivio svono cenfras

W=

b | e

=0.115m

NesupleiSejusio skerspiivio afsparumo momentas
I

Wos o =1322 % 105’
M a= G g W=69801kN-m

Moy otm = fopy W = 4369 KN-m

Mg= 0ENm  dMj= M:':I'ﬂ
. My
2 o
{links:
Y g

I'.i_'[ = }Ig.l‘-[ﬂ T lﬂ'-{I..:'-Iﬂ._f_
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Sk i ki
Skerspiivio redukavinas (amnaiinos pakeifimas betonu)

E, 3

o, = —— = 6023 Agp = 0 A = 24225 107 man”
Tm

SupleiESiusio skerspilvio neutraiosios aSies padétis (5 oy pusiBuswyros Fo=Fs)

1 g (d g L[ DSBS |
= |To— = | — = 3wy o ——
TPV T T T 7 o 0ss101186867501068439

xpp = 0.0638263761113433987 . m

Suplsifaiusio skerspilvio INercics momentas apie neutraks asi

bar | 2 34
| S bl — |+ (oA H{d—ug) = 5787 % 107 em
SupksiBsusio pivio krefvis:

M -M
_ _piaanm R e 5
M, =My pey =411 m Dy = ———= = 1H6RNm  Mpy=Mg Mg+ @l M

<
ol = My
Pl ]I -
} EomTh Pasishi koeficientas:
Koeficentas werinants apkrovinmo tndomes: M P
- Sler ff |
F:=1 tumpalake apkrova CpMpgl=1-8 ‘:; |
i - ]I f
Vidutinis kreivis
M
I
oy M) =
Etm'II
ug Mpy) = pyf Myg| oy M| = pp{ M) Hinkis
O ) 1= 1k ' :-L.:—-l;
o Mypj = G Mploq|Mp| = |1 - i My} og Mp) wpgl Myg) = —— o My
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PALYGINIMAS SU ACEI18M11

Ribiné gniufdomoi betono deformacia:
oy = 0003
Statinis momentas:
Ecl r o Eml :
| L €, _Ir' R : | k-E _i e
| = E | £ E
o el. el el el
Y fom & [EpdE. T For - %oy
1 k-2— \f—-ﬁ_‘k—] =
L Za1 Eel
o £l

Sg .o = 0.00019-MPa

Figiiros piotas:
£ A e
]

#Ec1 4 cul
k.i_| i [y S (o)
E E | & E |
. cl cl cl el /
Ape = Em & o 5 fom € e
1+ (k=2 | 1= @-2—
Eal Eel -
A | L - A =009TMPa
| ’
Uros Syvoro ceniras:
5
e v =D.00198705
e
Itempisi figinos svoro cenire
pFe [%)
| c Ea1 Eel
Teyel¥el = om ¥ Tl Vol =37 2T1-MPa
1=k=-2) ’
€1
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Latkomaosios galios apskaidiavimas:

Fleiféimo modulbs (termpiamasis betono sfipgs)

T
g0

MPa =3.797-MPa
MPa

Tamprumo mocdulis:

oo | -
EI:“JJ.'L.—"LCI =4 '\.":]-111 E- P2 =28.782.GPa

+  MNeutrsliosios adies padéties apskaifiavimas

Tneed Vo) Gautos relkimeés:
uf=——E—— ut=3%4
d=02m
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Ej.m' A

o-f__h x=0.041m

T Tm

E_ =230.015-kEN
Fs].' =230.013-kN

IIR.:L'EI = [].C-F.:m-h-x-i d- kc-'.'ii

Lenkiono moment pusiauswra

M. =o.f. . -bxk 3
o = O fg Bk ox M, =409LEN-m

I\[.}_‘_ = f}m-.‘-.__-l-a’ EI:?.= 46.003 K-m
Patilarinimas:

M, -M_ =—41912kN-m

Mp sor=41912-ENm

Pafyginimas:

Mg pea =419122203-kN-m

Mp acp=419121203 kN-m

Inercios momentas:

4

I=§=15x10"m

E

Pleiséii nias
1

o
iy

5.001-kN.m

Meracr=—
-1

ki pleBéimo velkiantis keEnkimo morentas:

M

ACT
My = 0k¥m Oy = “—D
Mpaer=Mp-Mg = @y g Mo acx

Muo pleEsimo ki amnatiines tekéimo velliants lenkimo momentas:

M, -Moaa
20

Mpsa=MaacMoaa + My ac-M,
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Skerspiivio redukavimag (amatiiros i betonu

L. 8% | d 1A | 0-089265877648894393607
A VALY T T LY o T 0.105964731143 77271693 )

=zpp = 006926307 TE48854303607 -m

SupleBéiusio skerspiivio Nercics momentas apie neutralia asi

z 3 2
by (= | : -5
o= — - +bar| 5 | + (e b{d~n) = 6366% 107w’

Efekbywusis nerciios momentas:
3 3]
| (Mgac (Masai|
MMpacr) =iy et e o e
\ Mpaa \ M act/ |
Jinkis i pleieimo -

k= ﬁ koncentruota apkrova apkrautai sz

Mracr

My acTl=
PLACTI**EACT) Ecm:m_l_rg

wpacTMract) = kppact My acrl L

linkis nuo pleSsime pradZos ki amatires tekeimo:

Mpaca
e ACT LM acT)

P actiMipacth= =

wiach Mo act) = ke aciMpact) L
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LENKIMO MOMENTO - JLINKIO PRIKLAUSOMYBE
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4 6 8
JLINKIS, mm

e 100 % perdirbty uzpildy — ess——EC2 ACI-318

B.2.6 pav. Lenkimo momento — jlinkio priklausomybé

Bendri rezultatai:

LENKIMO MOMENTO IR JLINKIO PRIKLAUSOMYBE
NUO PERDIRBTY UZPILDY KIEKIO

45
40

LENKIMO MOMENTAS, kNm
2R NN W W
i O U1 © U O O

o

0 2 4 6 8 10
JLINKIS, mm

=0 % perdirbty uZpildy e==50 % perdirbty uzpildy
100 % perdirbty uzpildy

B.2.7 pav. Lenkimo momento ir jlinkio priklausomybé nuo perdirbty uzpildy kiekio
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