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Pérmbledhje

Gjaté jetés s€ tyre, afté€sia mbajtése e strukturave t€ betonit t€¢ armuar mund t€ mos jet€ mé
adekuate pér sa u pérket funksioneve statike e dinamike t€ parashikuara né projekt, kjo pér
arsye t€ amortizimit t€ strukturés apo ndryshimit t€ destinacionit dhe géllimit t€ pérdorimit t&
saj. Pér kété arsye lind nevoja e pérforcimit t€ kétyre strukturave me materiale te ndryshém, si¢
jané fibrat e pérforcuara polimere (FRP), té cilat kan€ gjetur njé pérdorim t€ madh kéto dekadat
e fundit. Fibrat e karbonit pérdoren né elemente betonarme t€ zakonshém dhe t€ paranderur qé
punojné né pérkulje, ku roli i fibrave t€ karbonit €shté rritja e aft€sisé mbajtése ndaj momentit
pérkulés dhe forcave prerése, si dhe pér t&€ ménjanuar ulje mé t€ médha se ato te lejuara. Fibrat
e karbonit pérdoren edhe pér pérforcimin e kolonave betonarme duke rritur si afté€sin€ mbajtése,
edhe pér t€ realizuar “shtréngimin” e betonit pér t& pérballuar forca t&€ médha prerése.

N¢é két€ punim €shté paraqitur njé studim mbi efektin e pérdorimit té fibrave t€ pérforcuara
polimere (FRP), né€ rritjen e aftésis€ mbajtése té traréve prej betoni t& armuar me shufra ¢eliku.
Jan€ bér€ krahasime t€ ndryshimeve né aftésiné mbajtése t€ njé trau betonarme vetém me
armaturé t€ poshtme dhe me armaturé dyfishe pa pérforcim té jashtém, pastaj me pérforcim me
njé€ shtres€ CFRP dhe me dy shtresa CFRP. Me rezultatet e dala jané nxjerré€ disa konkluzione.

Fjalé celés: Pérforcim me FRP, tra betoni, aftési mbajté€se, moment llogarités, armaturé e
celikut, deformim.

THE ORETICAL EVALUATION OF INCREASING HOLDING CAPACITY OF CONCRETE
BEAMS BY USING FRP REINFORCEMENT

Abstract

Throughout their lives, the ability of reinforced concrete structures cannot be seen as
adequate as in terms of static and dynamic functions envisaged in the project, this is because
of the depreciation of the structure or change of destination and purpose of its use. So
there is need to strengthen these structures with different materials, such as fibre reinforced
polymers (FRP), which have found extensive use in recent decades. Carbon fibres are used
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in ordinary and prestressing reinforced concrete elements working in flexion, where the role
of carbon fibres is to increase the holding capacity of bending moment and cutting forces,
and to avoid larger cuts than those allowed. Carbon fibres are used to strengthen reinforced
concrete columns increasing their ability and to realize the “tightening” of concrete to
withstand large forces trimmer.

This article presented a study on the effect of the use of fibre reinforced polymers (FRP),
which increase the holding capacity of reinforced concrete beams with steel rebars. There
are made comparisons of the changes in the ability of an only reinforced concrete beam with
lower armour and armour double without external reinforcement, then the reinforcement layer
and double-layer CFRP. There are taken some important conclusions, using the results above.

Keywords: FRP reinforcement, concrete beam, ball bearings, moment calculation,
reinforcement steel deformation.

1. Hyrje
Fibrat e karbonit pérdoren né pérforcimin apo riparimin e strukturave ekzistuese. Pérforcimi i
strukturave ekzistuese mund té jet€ i nevojshém pér kéto arsye:

materialet perbérés t€ strukturés jané vjetruar [1];

struktura €sht€ démtuar nga faktoré veprues aksidentalé, ku mund t€ pérmendim zjarrin,
automjetet, korrozionin, et;.;

€shté zmadhuar ngarkesa e pérkohshme (mund t€ jené vendosur pajisje t€ rénda né reparte
industriale, éshté zmadhuar ngarkesa e trafikut n€ ura, etj.);

jané béré ndryshime arkitektonike t€ cilat kané ¢uar n€ ndryshime strukturore [2];

jané béré€ gabime né projektim.

Nga piképamja strukturore zgjidhen kéto probleme:

Rritja e ngarkesés qé mund t€ pérballojné elementet betonarme, si trar€, soleta, kolona, et;.
(llogaritjet sipas SLU).

Zvogélimi i deformimeve (llogaritje sipas SLE).

Zvogélimi 1 madhésisé s€ plasaritjeve (llogaritje sipas SLE).

Nuk mund t€ zgjidhen problemet né€ shtypje pér shkak t€ punés s€ fibrave vetém né té€rheqje [3].

Fig. 1.1. Fibrat FRP Fig. 1.2. Mosdalja nga puna e traut té pérforcuar me FRP
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Fig. 1.3. Pérforcim me FRP i elementéve prej betoni té armuar

2. Metodologjia

Hipotezat baz€ qé merren parasysh gjaté llogaritjeve jané:

- Betoni punon vetém né zonén e shtypur;

- Seksionet plane para deformimit mbeten té€ tilla edhe pas deformimit;

- Kavend ligji i Hukut;

- Fibrat e karbonit vendosen né zonat g€ punojné né térhegje;

- Ngjitja e fibrave t€ karbonit né€ sipérfagen e betonit €shté e pérsosur;

- Materiali ngjités i posa¢é€m (rezina) nuk ndikon fare né punén e elementit;

- Nga piképamja parimore, njé fibér karboni punon njélloj si njé shufér celiku;

- Armatura ekzistuese mund edhe t€ mos merret parasysh ne llogaritje.

3. Baza teorike e llogaritjes sé fibrave té karbonit qé punojné né pérkulje

Meényra e shkatérrimit e déshiruar &shté ajo sipas sé€ cilés betoni shkatérrohet (sforcimet arrijné
kufirin e rezistencés n€ shtypje) dhe armatura arrin kufirin e rrjedhshméris€. Aftésia mbajtése né
pérkulje e seksionit t& pérforcuar €shté gjetur duke u nisur nga parimet e betonarmesé. S€ pari,
larté€sia e zonés s€ shtypur llogaritet sipas deformimeve t€ seksionit dhe e ekuilibrit t€ forcave.
Mg pas, momenti mbajtés merret nga ekuilibri i momenteve. Merret parasysh fakti se né ¢astin e
pérforcimit, elementi betonarme ka njé deformim fillestar ¢, n€ fibrat skajore q€ térhigen. Pér kété
bazohemi né€ gjendjen e sforcuar dhe t€ deformuar t€ paraqitur n€ figure [4].

0'8fcd ~bx+ A4 sEse’s:Asfyd +AfEfef

, x—=d' fyd

sszacuiéE—
* s
h—x

€, =¢, —-g,

Momenti pérkulés €shté:

Mpg =Asf,(d =049+ A E po o (h=0.4%) + A's Ege's (0.4x—d')
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Fig. 3.1. Modeli i llogaritjes pér njé seksion térthor katérkéndor

Me qéllim qé ekuacionet e dhéna me sipér té jené t&€ vlefshme, duhet t€ kontrollohen deformimet
relative t€ ¢elikut dhe fibrave té karbonit.

e
&s =&cu dxszLSd (5)
¢ =écy ;x—eoﬁeﬂl_m (6)

&m DUk duhet t€ kalojé 50% t€ deformimit kufitar t€ fibrave t€ karbonit si dhe peséfishin e

deformimit t€ rrjedhshmérisé pér armaturén gjatésore té€ celikut.

4. Krahasimi i rritjes sé aftésisé mbajtése duke pérdorur pérforcimet FRP

Studiohet njé tra me pé€rmasa 30x50 cm, ku shkarkon njé solet€ monolite me trashési 15 cm.
Merret beton C25 me: R =25 MPa, f =0.85-0.83-25/1.6 = 11.0 MPa. Celiku éshté FeB44K me
f — 440:1.15 = 382.6 MPa.

T(30X50)

T(30x50)

T(SO)<50) b

Fig. 4.1 Plani i strukturave dhe trau i marré né shqyrtim

Ngarkesat e pérhershme: g = 5.50 kN/m

Ngarkesat e pérkohshme: q = 2.80 kN/m

Ngarkesat qé shkarkohen né tra: Gk =17.40 kN/m
Q =6.72 kN/m

Kombinimi i ngarkesave pér gjendje kufitare t€ fundme:
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q.=y ‘G +y P4y -Q+¥y (v, -Q )=1.4x17.40+1.5x6.72=34.44 KN/m
g P q q 1 1

4.1. Seksion b.a. vet¢ém me armaturé né térheqje dhe njé shtres¢ FRP
MSd =q - 12/8=34.44 x 5%/8 = 107.62 kKNm

ne, =My /(b d*f ) =1076200/(30*46°*110) = 0.154
d=h-d’=50-4=46 cm

o = pg, (1+ pg) = 0.154x(1+0.154) = 0.177

A=obdf / fyd =0.177x 30 x 46 x 110 /3826 = 7.02 cm?

Zgjedhim 3 ® 18 =7.63 cm? ose 2 @ 22 =7.61 cm?

r 8=035% O
y=02593d4 - | F
Y=0.65?dL FE =
) @
= - : . l.-" : ..Ss a3
AysLE—_
b 55;1--' [
O

Fig. 4.2. Modeli i llogaritjes pér njé seksion térthor katérkéndor

Gjejmé zonén t€ cilés 1 takon gjendja e deformuar.
0.8b-yc foq —As g =0.8-30-yc -110~7.63-3826 =0

ve=11cm; &E=x/d=11/46=0.239

Megenése 0 <x=11cm<0.259d=0.259*46=11.91cm, at€heré gjendja e deformuar i takon zonés 2
té elementeve betonarme qé ndodhen nén veprimin e momentit pérkulés dhe té njé force aksiale
shtypése apo té€rheqése. Momenti maksimal:

My =08b-ye- [, (d=04y.)=08-30-11-110(46-0.4-11)= 120.8 kNm

Ndryshojmé ngarkesén e pérkohshme né soleté, e cila mund te merret 5.5 kN/m?.

Qk =55kN/mx 2.4m=13.2 kN/m

q = 1.4x 17.40 kKN/m + 1.5 x 13.2 =44.16 kN/m

MSd =q - 12/8=44.16 x 5%/8 = 138 kNm

Mu = 121 kNm < MSd = 138 kNm pra kemi nevojé pér pérforcim té seksionit.

Gjejmé pozicionin e aksit neutral:
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S, :b'J’o'yzio"'n'Asz '(J’o_dz)_n'Asl '(d_yo):()

kun=15 dhe del y=15.2 cm
3
I, :b-%+n-sz (o=, +n-4,-(d-y, ) =141933 cm*

Deformimi i zonés sé€ shtypur té betonit: &, = 07% =0.000162
ku M, = 45 kNm €sht€ momenti real n€ ¢astin kur do & fillojé pérforcimi.

(h=y,)
Yo

Deformimi i zonés s€ térhequr té armaturés: & =& =0.000328
4.2 Trau me njé shtres¢ FRP

Shtresa e FRP &shté t=1.65 mm = 0.165 cm, me gjerési sa gjerésia e traut pra b= 30 cm, me rezistencé
fﬁukz 4900 MPa, modul elasticiteti E, = 240000 MPa dhe deformim kufitar &y — 0.0204 [3].

— Coefficiente | Applicazione |  Applicazione
Tipo Gcolamo parziake tipo A tipo B
Rottura K L10 (‘ﬁ
—l
Delaminazione T 120 1.50

) Siskemi di rinforzo cori ficati
) Sistemi di inforze non certificati

Fig. 4.3. Modeli i llogaritjes pér seksionin e pérforcuar me FRP

&,
Deformimi i lejuar 1 projektit pér FRP éshté: ¢, = min{na -ﬂ,gf,max}
ku y, = 1.25 ( Tipi B pér véshtirési n€ montim dhe kontroll t€ ébjektit ekzistues)

dhe n_ = 0,95 (fibra karboni/resiné epoksidike pér ambient te brendshém). Atéheré:

. €k . 0.0204
&, =minyy -———,& =miny0.95-
fd {na 7/{ f,max} { 125

pér efekt t& delaminimit (shképutjes) s¢ FRP

,gf,max}zmin{0.0lSS,gf’max}Llogaritim deformimin maksimal

& =k S kuk =3 né mungesé t€ t&€ dhénave nga provat laboratorike.
f,max c E cr
f

Gjendet £, afté€sia mbajtése (rezistenca ndaj delaminimit) né shképutje e fibrave.

— 5 br ,_ 300
, | 2 E, T, 1 \/z-E,-o.os-k,,- , " b _ 27300 g1
J faa = . = : - = = =0,76<
Vra NYe Z; Via NYe Z 14 by 1+ﬂ
400

400
por k, > 1 kur fibrat vendosen né trajté shtrese pa ndérprerje pra merret k, = 1
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f, =0.83-R_ = 0.83:25=20.75 MPa dhe f_ =0.3- f, 2 =2.3 MPa

Y= 1.5 (koeficient sigurie pér rrezikun e delaminimit nga tabela e mésipérme)

0.244 240000-1-+/20.75-2.3

— . =409 MPa
S 1.5-416 0.165
Pra sfmax:kc,-ffﬂ:?,- 409 _ .005
k E; 240000
= min{ Erk }=min{0.0155,0.005} = 0.005
€ =minyy, - p > € max § = MINY0. ,0. =0.
,

08b-y,fo =4Sy —4;-6,-E; =0
Pranojmé q¢€ aksi bie ne zonén 1, pra fleta ¢ FRP arrin deformimin limit £.= ¢, =0.005.

0.8-30-y.-110-7.63-3826-0.165-30-0.005 - 2400000 = 0
Qékétej y, =132 cm

Deformimet né beton dhe n€ armaturén e térhequr jané:

¥, 13.2

e =(g,+8) = (0.005 +0.000328) - ———=——— = 0.0018 < 0.0035
‘ (h=y,) (50-13.2)
£, =(5,+8) =y _ (0.005+0.000328) A362132) _ 4 0046 < g, =0.01
‘ (h—y.) (50—-13.2) g

M, =y by,  foyd=A-y )+Ay &g E-(d—dy)+A; & E;-d; =143.5kNm Llogaritim ankorimin e FRP
E, -t :

o Bt [240000-0.165 92
2-f, 2.23

4.3 Trau me dy shtresa FRP

Marrim tani dy shtresa FRP me t=2x1.65 mm = 0.33 ¢cm, me gjerési sa gjerésia e traut pra b= 30
cm. Gjendet ffdd pra aftésia mbajtése né shképutje e fibrave.

Pérséritim t€ njéjtén proceduré si herén e paré dhe gjejmé:
fraa =289 MPa

&f max =0.0036

Q¢ kétej &, =min{0.0155,0.0036}=0.0036

Aksi bie ne zonén 1 pra g = ¢, =0.0036 dhe y, =14.3 cm
Deformimet né beton dhe n€ armaturén e térhequr jané:

&, =0.0014 < 0.0035

£, =0.0032< g, =0.01

M, =154.6kNm

l,=132 m

4.4 Trau me armaturé dyfishe

Supozojmé tani se trau, pérveg armaturés né térheqje A = 7.63 cm?, ka dhe armaturé t€ shtypur
A,=4.02 cm? (p.sh. 2016).
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08by¢ .fcd +A32 .852 .Es _Asl .fyd =0

2c=0.35% O

| ek
y=0.2553d
Aﬁ2 =0.557d
H %
LL Aﬂ
& g -
wt
b [ Ry
le—ge=194—l

Fig. 4.4. Modeli i llogaritjes pér njé seksion térthor katérkéndor me armaturé dyfishe

e=dy) 1. =9

Duke hipotezuar zonén 1. kemi: ¢, =¢, )
P “ -, 46—y,

0.8-30-y, 110+4.02-0.01--% =% 5100000 - 7.63-3826 = 0
(46-y.)

Nga zgjidhja e ekuacionit gjeymé y, =7.9 cm

—4 9

£ =000 Y™ 001 7978 44014 —001
(46-y,) (46-7.9)

£, =001 — e —0.01.— "2 ~0.002<0.0035
(46— y,) (46—7.9)

M,=08-b-y, fy(d—04-y )+A, &, E,-(d—dy)
M, =0.8-30-7.9-110(46 —0.4-7.9)+4.02-0.001-2100000- (46 —4)= 126 kNm

Shkatérrimi ndodh tek ¢eliku.

4.5 Trau me armaturé dyfishe dhe njé shtresé¢ FRP

T 3% o

T v
(NN

| I add

L b | eid  lgg
Af

Fig. 4.5 Modeli i llogaritjes pér seksionin me armaturé dyfishe dhe njé shtres¢ FRP

&, =minfy, Lre g e} = Min{0.0155,0.005} = 0.005
Yeoo

08-b-y,-fy +A4, ¢, E,—A,-f, —A,-¢,-E, =0
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Duke hipotezuar se ndodhemi ne zonén 1 dhe ¢,= ¢, =0.005 kemi:

g =&, —2=0.005—2—
S o(h=y,) (50-y.)
e g =YD 005 (46-20)
T -y T (50-y,)
£, = ,.-(y”_dz):0.005~ . =4) 0.8-30-y, -110+4.02-0.005- Ve =8 5 100000-7.63-3826—0.165-30-0.005-2400000 = 0
’ T o(h=y,) (50-y.) (50-y,.)

Nga zgjidhja e ekuacionit gjejmé y, =10.3 cm
£, =0.0045 dhe ¢, =0.0008

My =y by fy(d=Ay.)+Ay g Es-(d—dy)+As &5 Ef-dy =165.5kNm
4.6 Trau né shtypje me pérkulje me armaturé dyfishe dhe nj¢ shtres¢ FRP

Supozojmé tani se traut me armaturé dyfishe, pérve¢ momentit ekzistues, i shtohet dhe njé ngarkesé
aksiale N=200 KN.

IN%
s

— |

Fig. 4.6. Modeli i llogaritjes pér seksionin me armaturé dyfishe dhe njé shtresé¢ FRP qé
punon né shtypje me pérkulje

&4y =0.005

08:b-yY, fgtAs 6y Eg—As - fyg—Ap-65-Ef =N

Nga zgjidhja e ekuacionit gjejmé y, =15.5 cm

£, =0.0022
£, =0.0045
£, =0.0017

My =y by fy [d=2y ) +Ag-eq E,-(d—dy)+As &4 -E;-dy —N-(0.5-h—d,) = 203.8kNm

5. Konkluzione pérfundimtare

Shohim se me pérdorimin e fibrave te karbonit si pérforcim i jashtém, rritet ndjeshém aftésia
mbajtése e traréve betonarme [5]. Veté armimi i sipérm nuk ka ndikim né rritjen e saj, por ekzistenca
e pérforcimeve ka peshén kryesore kétu. Pérdorimi i njé shtrese e rrit aft€sin€ mbajtése né pérkulje
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me 18.6 % dhe me dy shtresa 27.8%, gj€ qé té ¢on né sugjerimin q€ nuk ka vleré t€ pérdorim mé
shumé se 2-3 shtresa FRP, pasi efekti i tyre bie si rrjedhoj€ e problemeve né€ ngjitjen dhe rréshqitjen
e tyre, pra delaminimit [6].

Meqgenése nuk lejohet qé t€ kemi njé rritje té aft€sis€ mbajtése mbi 60%, rasti 6, Eshté né kufijté
e zbatimit t& tij, pra duhet g€ N< 200 kN ose, nése kjo nuk éshté e mundur, do t€ detyrohemi té
marrim njé FRP mé t€ holl€ apo t€ mos e vendosim né t€ gjithé gjerésiné e traut (p.sh., b= 25 cm),
g€ mos t€ kemi njé rritje kaq t€ madhe. Vihet re se ndikimi mé 1 madh 1 pérforcimeve éshté kur
elementi punon né shtypje me pérkulje [7].

T€ gjitha llogaritjet teorike 1 pérmbledhim né njé€ tabelé:

Tab. 1. Ndryshimi i aftésisé mbajtése té traréve té armuar me FRP

PERMBLEDHJE
Rritja e aft. mbajtése
Nr. Rasti Mu (kNm) ne (%)

1 |Seksion b.a. me armaturé té poshtme 121

Seksion b.a. me armaturé t€ poshtme me njé shtresé
2 |FRP 143.5 18.60%
3 |Seksion b.a. me armaturé t€ poshtme me dy shtresa FRP 154.6 27.77%
4 [Seksion b.a. me armaturé t& dyfishté 126 4.13%
5 [Seksion b.a. me armaturé té dyfishté me njé shtresé FRP 165.5 36.78%

Seksion b.a. né shtypje me pérkulje me armaturé té
6 |dyfishté me njé shtresé FRP 203.8 61.75%
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