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INFLUENCE OF CONSTRUCTION'’S LOADING
LEVEL ON STRENGTH AND DEFORMABILITY
OF RC COLUMNS STRENGTHENED BY CFRP

This paper presents results of research of reiatbooncrete columns strengthened
by CFRP laminate under different load levels. Dgtime building exploitation it is
often difficult to completely unload the structuesd in some cases impossible. To
simulate this factor before strengthening experitalesamples were adjusted to the
level of 1/3 and 1/2 of experimentally determineestductive efforts of the
unstrengthened column. For more experimental rekedates two columns were
strengthened without loading. All samples werergfteened by CFRP laminate
Sika Carbodur S512 with 25 mm width. The loading \@pplied with eccentricity
e = 150 mm. Comparative analysis was carried outstrehgthened effectiveness
was determined. The effectiveness of strengtheimicgeases with decreasing
loading level on construction but this differencasvemall during testing.
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1. Introduction

One of the most popular in today's world materials for construadf
buildings is reinforced material which combines steel and ctsnc@oncrete
protects the steel from corrosion and with steel percetesspression and
stretch forces. Under the influence of time, the negative dmpd the
environment, not quality materials its performance propertiesridedte and,
consequently, the carrying capacity is reduced. Thereforadgbd appears to
restore or strengthen these structures. One of modern methddsngtreening
is the use of carbon-fiber-reinforced polymers (CFRP) [8, 1013,217, 18, 20,

1 Autor do korespondencii/corresponding author: BenKhmil, Lviv Polytechnic National
University, blv. St. Bandery 12, 79013 Lviv, Ukmai roman_hl@ukr.net

2 Yaroslav Blikharskyy, Lviv Polytechnic Nationahersity, yzb@ukr.net

% |gor Vasiliev, Lviv Polytechnic National Univetgj bslavko@ukr.net



126 R. Khmil, Y. Blikharskyy, I. Vasiliev

22]. The advantage is their great corrosion resistance tcoamantal factors,

high stiffness and strength and weight in comparison with other materials.
Disadvantage of relatively high cost is offset by cost reglnand labor

when performing work on strengthening, by decrease of performaneg iy

lack of needs to use the expensive equipment, installed and used without

unloading the structures.

2. Reference analysis

Currently, for FRP strengthening systems there are desigmdel and
guidelines in many countries, such as in the U.S.A [1, 2], Canada [18K,EU
13], ltaly [7], Germany [5], UK [21, 22], Switzerland [16],afice [14], Japan
[9, 11, 12], China [19]. There are many research works in the world [4, 8, 10, 15,
20, 23] and also in Ukraine this question is studied by researchers [3, 9].

3. Goal and objectives

The goal of this work is to determine the parameters of strenft
reinforced concrete columns strengthened by CFRP laminaiffeatnt levels
of initial load, comparing them with unstrengthened columns, sedfiigency
of strengthened ones.

4. Methods of experimental research

To achieve the goal the experimental samples of columnsdimiténsions
2200 x 180 x 140 mm were made. At the edges of columns cantilever was
constructed to apply the eccentrically load. In the researchaticepted
eccentricity equals to 150 mm. The construction of experimentaplea is
shown in fig. 1.

During the production process special fasteners were attacheidfting
bars. They serve for attaching mechanical devices tonigieithe deformation
of steel reinforcement. To simulate the real exploitation conditions ajlumns

the specimens before strengthening were loaded to the levél.3dE™",

0.5NS® (1/3 and 1/2 of experimentally determined destructive forakes

unstrengthened samples). For comparison two columns also werelstrestty
without loading. Then samples were strengthened by CFRP lamiika
Carbodur S512 (fig. 2). Laminate width was 25 mm.

CFRP laminate was attached to the stretched edge of the cdiamn.
reliable laminate anchoring two layers of fabric SikaWnagse applied on the
cantilever. Work was performed by the manufacturer technique [17].
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Fig. 1. Design and reinforcement of unstrengtheszedples
Rys. 1. Projekt i zbrojenie probek niewzmocnionych

l\IA SikaWrap - 230 C/45 SikaGarboDur §512 SikaWrap - 280 CM5 | 1 I\
g g g
g |1 2 o
1201120 1700 120J,120
2200
1
AA SikaWrap - 230 C/45 ikaCarboDur
. 1-1 /8512

SikaWrap - 230 C/45 SikaCarboDur $512  SikaWrap - 230 C/45 e
; /2200 e -

"

s

58

o
P
o

3

150 L 1900 150 I,

58/

140 L

[

Fig. 2. Reinforcemerdf samplestrengthened by CFRP laminate
Rys. 2. Zbrojenie prébek wzmocnionyclkirtami CFRP

The following labeling for experimental samples was choser=-€blumn
unstrengthened, CSL — column strengthened by CFRP laminate. Bhe fir
number in column label indicates the batch number, the second one - mimbe
column in the series and the number that stands after the dasitandicthe
loading level during strengthening. During the experimental stuglisamples
were tested, namely two unstrengthened columns (CU-0.1 and CU-0.2), two
columns (CSL-1.3 and CSL-1.4) were strengthened without loading, two
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samples (CSL-1.5-0,3 and CSL-1.6-0,3) were strengthened under loadihg equa
to 0.3 from strength capacity of samples CU-0.1 and CU-0.2 and two sample
(CSL-1.7-0.5 and CSL-1.8-0.5) were strengthened under 0.5 from streingth o
unstrengthened columns.

Strengthened samples were tested to failure. Loading wasa@pplsteps
10 kN each with 15 min between steps. The load was applied bythmaulic
jack. Experimental samples were tested in the horizontal osifio determine
the deformation characteristics of columns generally 28hsgiaiiges were used
during not strengthened columns test and 35 strain gauges duringhstneagt
columns test. There by the gauges the strain of reinforcemdracacrete was
measured. To measure the curvature of the columns 5 deflectormetes
placed along its length (fig. 3).

Fig. 3. Sample CSL-1.8-0.5 during test
Rys. 3. Probka CSL-1.8-0.5 podczas biada

5. Results and discussion

In all experimental samples three cross-sections weredsvadi In each
cross-section two gauges were placed on stretched reinforced bars and ene gaug
on concrete of compressed edge of the column. On the additional ceméat
gauges were placed along the length of the laminate.

According to recommendation of FIB [6] there are 2 limit states fif$tds
~Serviceability limit state (SLS)”, and the secondultimate limit state (ULS)”.
SLS corresponds to the moment when the strain in the stretchetateand
CFRP laminate reaches the limit values. However, if therdeftion of steel
reinforcement reached the yield stress and strain ofPFClERiinate have not
reached the limit values, and vice versa, is considered&LS has not been
reached. ULS corresponds to the moment when compressed concreissef ¢
section is crushed.

Using obtained experimental results we plotted the averaggzhigs of
deformations of compressed concrete, stretched steel ba@F&R laminate in
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depending from loading for all columns (fig. 4). Yielding of stea&hfiorcement
begins atss, = 280110 (Young's modulug€ = 205 GPa). Limit state for CFRP
laminate was determined &§, = 50001L0°° (Young's modulus 165 GPa) accord-
ing to FIB [6].
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Fig. 4. Strain in stretched reinforcement (arm) #&rdinate (lam), compressed concrete (bet) of
columns: a) CU-0.1 and CU-0.2, b) CSL-1.3 and CSL,-t) CSL-1.5-0.3 and CSL-1.6-0.3,
d) CSL-1.7-0.5 and CSL-1.8-0.5; average of twins

Rys. 4. Odksztatlcenia w zbrojeniu raganym (arm) i témie z widkien wglowych (lam) oraz
betonie sciskanym (bet) stupéw: a) CU-0.1 | CU-0.2, b) CSB-1 CSL-1.4, ¢) CSL-1.5-0.3
i CSL-1.6-0.3, d) CSL-1.7-0.5 i CSL-1.8-0.5; wadérednia z dwoch

After analyzing we compare the value of the compressive force at which the
limit state of each components of samples (steel reinf@eeFRP laminate,
concrete) occurs (tab. 1-3).

Strengthening effect for samples CSL-1.3 and CSL-1.4 was 31.8%, for
samples CSL-1.5-0.3 and CSL-1.6-0.3 — 26.8% and for samples CSL-1.7-0.5
and CSL-1.8-0.5 — 20.5%.
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Table 1. Compressive force at reinforcement yitdtles
Tabela 1. Sitaciskajca w chwili uplastycznienia zbrojenia

Cross-section Compressive force at Strengthening
Sample dimensions, reinforcement yield [kN] effect [%]
b xh [mm] sample average sample|  average
CU-0.1 127.4 -
128 -
CU-0.2 128.6 -
CSL-1.3 168.4 168.73 31.6 31.8
CSL-1.4 140x 180 169.05 32.1
CSL-1.5-0.3 163.2 162.3 27.5 26.8
CSL-1.6-0.3 161.4 26.1
CSL-1.7-0.5 153.5 19.9
154.3 20.5
CSL-1.8-0.5 155.1 21.2

Table 2. Compressive force at CFRP laminate litaites
Tabela 2. Sitaciskajca w chwili osigniecia ngnosci przez tamg CFRP

Cross-section | Compressive force at SLS Strengthening
Samp|e dimensions of CFRP laminate [kN] effect [%]
b x h [mm] sample average| sample | average
CuU-0.1 127.4 128 - ]
CU-0.2 128.6 -
CSL-1.3 175 173.2 36.7 353
CSL-1.4 171.4 33.9
140x 180
CSL-1.5-0.3 165.7 165.2 29.5 29.1
CSL-1.6-0.3 164.7 ' 28.7 '
CSL-1.7-0.5 161.2 25.9
162.35 26.8
CSL-1.8-0.5 163.5 27.7

Table 3. Compressive force at concrete failure
Tabela 3. Sitagciskapca w chwili zniszczenia betonu

Cross-section Compressive force at Strengthening
Sample dimensions concrete failure (ULS) [kN] effect [%]
b x h [mm] sample average sample| average
CU-0.1 133.5 -
CU-0.2 133 133.25 - ]
CSL-1.3 183.6 182.5 37.8 37.0
CSL-1.4 140x 180 181.4 36.1
CSL-1.5-0.3 170.5 171.05 28.0 28.4
CSL-1.6-0.3 171.6 28.8
CSL-1.7-0.5 169.2 27.0
169.35 27.1
CSL-1.8-0.5 169.5 27.2
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After strengthening of columns by CFRP laminates, the médel s
reinforcement and the additional one work and redistribute thdied
deformations among each other. When stress in steel reinforceeazh the
yielding all additional tensile stress transfers to lmminate. Failure of the
sample occurs after concrete crushing in the compressed ettgeeamilumn. In
table 2 we compare the value of compressive loading whenrtie ist CFRP
laminate corresponds to SLS.
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Fig. 5. Experimental columns after testing
Rys. 5. Widok prébek po badaniu
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According to tab. 2 the strengthening effect for samples CShAd3CSL-

1.4 was 35.3%, for samples CSL-1.5-0.3 and CSL-1.6-0.3 — 29.1% and for
sample CSL-1.8-0.5 — 26.8%. According to the norms FIB [6] the baite
corresponds to the load at which the strain in the steel or B Caminate
reaches the limit value. The limit deformation in the tapallastrengthened
samples occurs at higher loading and therefore it corresporitie timit state
(SLS). Therefore, the effect of strengthening by SLS fr@® 26.8 to 35.3%
depending on the loading level at the strengthening moment.

In table 3 the comparison of samples strength at momentsngiressive
concrete failure is presented. According to the norms FIBt[6haracterizes
ultimate limit state (ULS). According to tab. 3 the stréweging effect for
samples CSL-1.3 and CSL-1.4 was 37%, for samples CSL-1.5-0.3 and CSL-1.6-
-0.3 — 28.4% and for the sample CSL-1.8-0.5 — 27.1%. Therefore the effect of
strengthening by ULS was from 27,1 to 37,0% depending on the load#&igte
the strengthening moment. The scheme of the destructiomplessi.columns is
shown in fig. 5.

It should be noted that in the sample of CSL-1.3 and CSL-1.5-0.3whsre
debonding of the laminate at the site of anchoring (shown in fig. 5). Hewyév
happened after the destruction of the compressed area and thefrdsaisharp
deformation growth. In other samples debonding was not observed. Sanwe ¢
conclude that the premature destruction of anchoring did not occur.

6. Conclusion

1. After experimental studies of reinforced concrete colurtmrengthened
by CFRP laminate Sika CarboDur S512 there was determined thaniimate
starts working with the main reinforcement immediately afteriegipbn.

2. For evaluation of the strengthening effect of samples twas tipet
states were used. The first is ,serviceability lintdats (SLS)”, and the second
- ultimate limit state (ULS)”. SLS corresponds to themamt when the strain
in the stretched steel bars and CFRP laminate reachesnihevdlues. ULS
corresponds to the moment when compressed concrete of craee-sect
crushed.

3. The effect of strengthening by ULS was from 28,8%,0% and by SLS
was from 26.8 to 35.3% depending on the loading level at the strengthening
moment. The effectiveness of strengthening increases withadewyeloading
level on construction but this difference was small during testing.
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WPLYW POZIOMU OBCI AZENIA KONSTRUKCJI
NA NOSNOSC | ODKSZTALCALNO SC ZELBETOWYCH
SEUPOW WZMOCNIONYCH TA SMAMI CFRP

Streszczenie

W pracy przedstawiono wyniki batlabrojonych stupéwzelbetowych wzmacnianych za
pomoa tasm z wtokien veglowych CFRP. Badania byly prowadzone dlamg@h poziomoéw ob-
ciazenia. Podczaszytkowania budynku bardzo trudno jest catkowicieiagh® jego konstrukej
na czas remontu, a w niektdrych przypadkach navestailiwve. W symulacjach przgo wspot-
czynnik poziomu napgen przed wykonaniem wzmocnienia prébek badawczychodosvanych
do poziomu z 1/3 i 1/2 obgienia niszcgcego, ustalonego na podstawie hadlpdéw niepodda-
nych wzmocnieniu. W celu dokladniejszego poréwnawimikéw bada dwa stlupy zostaty
wzmocnione bez wgpnego obecizenia. Wszystkie probki zostaty wzmocnione przegmia
z tworzywa o strukturze ptytkowej CFRP Sika Carlrofi612 o szerokmi tasmy 25 mm. Obci-
zenie przylagono mimaérodowo. Warté¢ mimosrodu dla wszystkich prébe& = 150 mm. Prze-
prowadzona analiza poréwnawcza potwierdzita skumaczstosowania wzmocnieelementéw za
pomoa tasm z widkien weglowych CFRP. Efektywni@ stosowania wzmocniew postaci tém
z wtékien weglowych wzrasta wraz ze zmniejszaniemwspotczynnika poziomu nagren przed
wykonaniem wzmocnienia konstrukcji. Jednakmiée te okazaty gistosunkowo niewielkie.
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